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ANNEX U of NCR-PDS-CGS-C-136

Page 1 of 21

AMS-02 PDS Structural Verification for local magnetic shieid

troduction

in

1. ANALYSED CONFIGURTATION

Non-structural mass of the boards updated (see table below)

The following pictures show the analysed configuration of the PDS. The modifications are:
L ]

material MUMETALL)

Covers linked by means of bar elements to the boards

2

Covers added to the boards (shell elements
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ANNEX U of NCR-PDS-CGS-C-136

Page 3 of 21

MATERIAL OF THE COVERS
Mumetall
Source www.v_acuumschmelze.de
Mechanical Properties
[Mpa]
Fty 100
Fc -
Fs -
Fbru -
Fbry -
E 170000
Physical Properties
p [ka/m3] 8700
v [] 0.3
CTE [10°K"] 135
Table 1-1 Mumetall properties

2. MASS BUDGET

The following table shows the mass budget of the added items.

Added mass
volume densita’ massa unitaria massa totale

ITEM [cm3] [g/cm3] [g] quantita’ __[g]
PB2 Cover (Scheda) 32.36818183 8.70 281.6031819 8 2252.825455
ESEM_Cover (Scheda) 32.20798068 8.70 280.2094319 12 3362.513183
T1 Cover Type "C1"-2mm | 11.03526438 8.70 96.00680008 8 768.0544006
DCDC AUX Cover 2.341766938 8.70 20.37337236 20 407.4674472
E1A TRF 2-4 Cover 4.030589939 8.70 35.06613247 4 140.2645299
ESEM Cover Spacer 0.634169715 2.77 1.756650111 24 42.15960265
ESEM Cover Spacer E4 | 0.044409554 2.77 0.123014465 8 0.984115717
Din965A _M2.5x4mm 0.023674318 7.83064 (.185385061 152 28.17852934
Ding65A M2.5xBmm 0.043309272 7.83064 0.339139318 8 2.713114542

Adesivo - - S = -
TOTALE MASSA AGGIUNTA 7005.160378

Mass budged of the added items

The new nonstructural mass (and its calculation) is listed hereafter.
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ANNEX U of NCR-PDS-CGS-C-136

Page 5 of 21
MATHEMATICAL MODEL VERIFICATION RESULTS
MASS PROPERTIES, FREE-FREE MODES, HARDMOUNTED MODES
MODEL FILE NAMES
PDS Only 09 04 22.bdl
RUN FILE NAMES
AMS 02 PDS MODAL 090422.dat, AMS 02 PDS MODAL FREE (90422.dat, param.blk
MODEL UNITS
Leng(h=m, mass=K&£ensity=Kg{m"3, YounE mod.=N/m"2, Siress=N/m"2, Delormation=m, Strain En=N*m=Joule.
PARAMETERS: PARAM,PRGPST,NO
PARAM,POST,0 PARAM,COUPMASS,1
PARAM,PRTMAXIM,YES PARAM,GRDPNT,0
PARAM,AUTOSPC,YES PARAM,K6ROT,1.
PARAM,NOCOMPS,0 PARAM WTMASS,1,
OUTPUT FPROM GRID POINT WEIGHKT GENERATOR
REFERENCE POINT = 0
MO
* §,505838BE+01 -1,363614E-17 9.462734E-18 3.124276E-18 -4.749627B+01 -9.185211E+01 ~
* -1,3636L4E-17 5.505838B+01 4.175410E-18 4.749627E+01 1.233156E-17 -2.112522E-01 *
* 9,462734E-18 4.175410E-18 5.50583BE+D1 9.185211E+01 2,112522E-01 -1.545544E-17
* 3,124276E-18 4.749627E+01 9.185211E+01 1.953836E+02 3.516305E-01 -2.047185E-01 *
* -4,749627E+01 1.233156E-17 2.112522E-01 3.516305B-01 4.487585E+01 7.9200D4E+01 *
* -9,185211E+01 -2.112522E-01 -1.545544E-17 -2.047185E-01 7.920004E+01 1.562320E+02 *
s
* 1.000000E+00 0.000000E+00 0.000000E+00 +
*  0.000000E+00 1.000000E+030 0.000000E+00 *
*  0.000000E+00 0.000000E+30 1.000000E+00 +
. DIRECTION
MASS MASS AXIS SYSTEM (8) X-C.G, Y-C.G. Z-C.G.
PROPERTIES X 5.505838E+01 5.574478E-20 1.669267E+00 -8.626528E-01
Y 5.5058368E+01 -3.8360875E-03 2.239724E-19 -8.62652BE-01
.505838E+01 o -3.836875E-03 1.668267E+00 -2.807100E-19
i 1I(5)
+ 1,176880E+00 7.945339E-04 2.240125E-02 *
+ 7,945339E-04 3.902257E+00 3.644146E-02 *
+ 2,248125E-02 3.644146E-02 2.99728BE+00 =
I{m
mass of new FE model + 2,996101E+00 *
* 1.176602E+00 *
* 3.903722E+00 *
Q
* 1.236425E-02 -9.939236E-01 4.003397E-05 *
* -4_016759E-02 -4.566753E-04 9.99192BE-01 *
* -9.991165E-01 -1.23558BE-02 -4.017016E-02 *
REAL EIGENVALUES
MODE EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED
NO. ORDER MASS STIFFNESS
1 1 -1.478229E-07 3.844774E-04 6.119148E-05 1.000000E+00  -1.478229E-07
RIGID BODY 2 2 B.762512E-07 9.3606829E-04 1.489822E-04 1.000000E400 B.762512E-07
NORMAL MODE 3 3 1.674626E-06 1.294073E-03 2.059582E-04 1.000000E+00 1.674626E-06
CHECK q 4 2.145641E-06 1.464801E-03 2.331303E-04 1.000000E+00 2.145641E-06
5 5 3.318520E-05 1.821680E-03 2,899294E-04 1.000000E+00 3.318520E-06
6 6 6.524172E-06 2.554246E-D3 4.065208E-04 1.000000E+00 6.524172E-06
7 7 3.170612E+D5 §,.630819E+02 8.961727E+01 1.000000E+00 3.170612E+05
MODE EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED  GENERALIZED
NO. ORDER MASS STIFFNESS
1 1 3.142255E+05 5.605582E+02 8.921561E+01 1.000000E+00 3,142255E+05
2 2 3.171296E+05 5.631426E+02 8,962693E+01 1,000000E+00 3.171296E+05
3 3  3.172121E+05 5.632158E+02 B.963858E+01 1.000000E+00 3.172121E+D5
%ﬁ&ﬁ?‘ﬁggg 4 4  3,172722E+05 5.632692E+02 B8.964708E+01 1.000000E+00 3.172722E+0S
CHECK 5 5 3.173112E+05 5.63303BE+02 9.965259E+01 1.000000E+00 3.173112E+05
4 & 3.173214E+05 5.633129E+02 8.965402E+01 1.000000E+0D0 3,173214E+05
7 7  3.176708E+05 5.636229E+02 8.970338E+01 1,000000E+00 3.176708E+05
B B 3.177343E+05 5.636793E+02 8.971234E+01 1.000000E+00 3.177343E+DS
9 9  4.666543E+05 6.831210E+02 1.087221E+02 1.000000E+00 4,666543E+05
10 10 4.667445E+05 6.831870E+02 1.087326E+02 1.000000E+00 4.667445E+05

FEM mass properties, free-free modes, hard mounted modes
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Page 6 of 21
3. STRESS ANALYSIS OF THE COVERS
The worst condition is for ELEMENT 13384257 for Load Case 1024 at Layer Z2.
The resulting Von Mises stress is: fyy = 10.53 MPa.
Following figures show stress distribution for this subcase.
MSC.Patran 2005 r3 28-Apr-09 15:00:01 1.05+0
9.88+0

Fringe: SC1024:LN1024, Al :Static Subcase, Stress Tensor, , von Mises, At Z2

xﬁxlﬂ,ﬂ—z default_Fringe :
Max 1.06+007 @Elm 13384
Min 7 84+006 @Flrm 133856

Figure 3-1: Shields Yon Mises stress, Load Case 1024, Laver Z2




uoneInsyucd 3593 Joj Alewwns SO :I-¥ AqEL

PAUIQWIOD WNITXEN = DAl "SISIA UOA = WA
WA - £0'1 T | st I'LE - ¥6 TIVLAWNW | EEPSSEET ZZwig SATATHS
00008-SAdZ0SNV-11
(000T-SAdTOSWV-11
00°009-SAdTOSV-11
WA < z T | sz 051 061 - apuutidjod 068PT azw) 00°005-SAdZ0SWV-T1 SOINOWLDATI
00°00%-SAJZOSINY-11
00°00E-SAJZOSINY-11
00004-SAJdTOSWY-11
#17000-SAdTOSHV-01
00°00Z-SAJTOSNY-11 o
. . 11°001-SAdZOSNY-01 sauq
o) < < z | szt 9'F9 Obb | 69€ | ISELLSLOLTV | £6801 6 01'001-SAZOSHEV-01 TUALONYLS
60°000-SAAdTOSWV-01
$0°000-SATOSNV-01
L0°000-SAJTOSWV-01
00°001-SAdZOSINV-01
Z1'000-SAdZ0SWY-01 P
WA LYl 1< T | st S8 by | 69€ | ISELLSLOLTY | 95542 (tz) 6 S0°00 [-SAJTOSWV-11 AUNIIIHAS
00°00£-SAJTOSWV-01
00'00Z-5TdTOSWY-01
£0°000-SAdZOSINV-01
e e | [ sl | feapyd | (sl | _ ‘ .
SALON | "Sow | ‘sop IS IS | soonsqmury | % | S5 ||_w.nmu+¢_.._. ara 21 o el s HIAWIN THYS , WAL
- TAATIVE LHONTHLS Y04 ALAAVS 40 SNIDUVIN i
UMOUS BB 2JNjoNJIS 243U aU) 1o SOW 91G.) Buimoio) suy |
NOILLVHNDIANOD 1S31 NI ALT4VYS 40 SNIDYHVIN 'y
:uonem3yuod I} pue 153} Y10q UT UONBIJLIAA [ISUans 3y} 10) SO ) Jo Areurums 2y sxo)deqo 3uimof|oy a3 uf
5 SISATVNY SS3HLS HO4 AL34VYS 40 SNIDUVIN +
1Z J0 / abed

9ET-0-SDD-SUJ-YON IO (1 XANNYV




uoneInsiyuo Yy 10J AIBWmns SO SZ-F 2IqEL

PaLIQIIOD WINWIXE]N] = DN ‘SASIN UOA = WA

WA - [4S [4 STl §°01 - 6 TIVIIANKW | LSTPBEET ZzZw) ol SATIIHS

00°008-SAJZOSWV-11
00°00Z-SAdZOSWV-11
00°003-SAdTOSNY-11
WA =< - T sT1 or 061 - apuudjod 65TZT (TZ ) vI01 00°005-SQJdTOSWV-11 SOINOYLDATA
00°00F-SAdTOSWV-11
00" 00E-SAdTOSWYV-11
00°00L-SAMTOSWV-11

+1'000-SAJTOSNV-01
00'00T-SAdTOSWV-11
I < i< z sT1 881 1744 69t ISELL SLOL TV FITI 1€£0T 11°001-SAdZOSWY-01 (s18q) TUNLDINYLS
01°001-SAJZOSINV-01
60°000-SAdTOSINY-0L
80°000-SAJTOSWV-01
LO000-SAdZOSWV-01
00°001-SAdTOSWV-01
CI000-SAJTOSNYV-01
€0'001-SA4ZOSWV-11

WA < i< T | sTl £'69 orb 69t [SELL SLOLTV | 8T8ST (zZz W) 1£0¢ 00°00E-SAdZOSINV-01 (112ys) FUNLONYLS
00'00Z-SAJTOSWV-01
$0'000-SAJTOSWV-01
, _ JRITE T [ _ \_ ‘
FSALON | SOl S US| SAS 1 e [ediy] ®4 | TVIMAIVIN | @3 21 HIFINOAN THVE WAL
. , ssaaps oy | E | 1 1
(SAd) ANV LHONTULS MOJ ALFIVS JO SNIDIVIN

JUMOUS 318 81MONJIS 8J1JUS Y} JO SO 9)q.) Bumo(|o} ay) U]

NOLLVHNOIANOD LHOITd NI A134VS 40 SNIDYHVIN 2%

LT jo g abed
9€1-0-SDD-SAJ-UIN JO (1 XINNY




ZoLo0 ZIEXan3ay | £Leese (L1 zLoz Bujpuog sjeued 10jeIpey UlEW
¥890°0 T13IDVHOY | S2E€Ze (z1 ) vooL a10) sjaued JOJEIpEY UlEY
xapuf anjied VIS LY aiE o1 waLl
(Bupuog pue aioy Jojeipey) Jojeipes xapu) ashjied
WA Z< < Z |szL Z6'29 56°19¥ 6°66€ 181 ¥20z v | 659129 | (£1v) zeoz UpYS S|euRd J0leIpRY UlRN
feam] | . . ]
S310N| "som fgsom  |"asitasd [ _m_mh.a Eeawl®s [ TwHaLYN aiE= o1 HIEWNN LHYd W31
ssans g | |
‘ (upys EE%«& m\@:..,:ﬁ._ ALHONIYLS HO4 ALIJVS JO SNIQWVIN
WA zo0 IE0 z |5z ZL9Le ovF 69€ ISELL 191951y | (1Z ) g0z sjun
S04 W :
. R LA R P T e
‘SILOM | SO SO 45l tas | ey [ednl®s | IWINILYW (s[E] ol HMIEWNN Lyvd Wall
” NS . iR _ — |- ] = i
T (s9uI) ANV LHONIHLS HOL ALIAVS JO SNIDHVIA
1T Jo 6 abed

9€1-D-S9I-SUd-dON J0 1 XANNY




ANNEX U of NCR-PDS-CGS-C-136

5. JOINTS MOS IN TEST CONFIGURATION

5.1 JOINT 1 (TEST)

Page 10 of 21

E JUNCTION PROPERTIES ' FLANGE MATERIAL PROPERTY DATA
BOLT NASII51ND TEMP FACTOR FOR MODULUS OF FLANGE 1 K
WASHER 1 NA TEMF FACTOR FOR MODULUS OF FLANGE 2 5%
WASHER 2 NA TEMP FACTOR FOR ULTIMATE STRENGHT OF FLANGE 2 T
NUT M52108013 ULTIMATE SHEAR ALLOWABLE BTRESY OF FLANGE 2 [psi) NA
INSERT NA MODULUS OF ELASTICITY FOR FLANGE 1 kel 10500
INSERT IN FLANGE 2 MODULUS OF ELASTICITY FOR FLANGE 2 [kal) 10501
NUMBER DF FLANGES 2 THERMAL COEFF OF FLANGE 1 - HOT [JE[-6)/d: 1
LUBRIGATED YES | THERMAL COEFF OF FLANGE 1 - COLD [1E{-8)/de 1
FLANGE 1 NAME INSERT TYPEB | THERMAL COEFF OF FLANGE 2 - HOT [4E{-6)/d: 12.
FLANGE 1 MATERIAL ALTOTS T7351 | THERMAL COEFF OF FLANGE 2 - COLD [1E{-8)/d 11.15
FLANGE 1 MATERIAL SPEC ANS 0042280 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 1 [p8]] NA
| FLANGE1THICKNESS [in} NA YIELD BEARING ALLOWABLE STRESS FOR FLANGE 1 [p3j) NA
| FLANGE{HOLE DIAMETER [in) 021 ULTIMATE BEARING ALLOWABLE STREBS FOR FLANGE 2 [pal] 55870
FLANGE 2 NAME BASEPLATE YIELD BEARING ALLOWABLE STRESS FOR FLANGE 2 [ps] T4260
FLANGE 2 MATERIAL AL7D7S T7351
FLANGE 2 MATERIAL SPEC AMS-00-A-250/12
FLANGE 1 THICKNERS 1ot et e TORGUE AND PRELOAD DATA
FLANGE 2 HOLE DIAMETER [in] 0.21 M;’::gf‘h‘f”&_l:" ?332“
LOADS MIN TCRQUE [Ib in] 268.0
MAX AXIAL - CONFIGURATION IE NOHLNAL min torgue [N m 28
MAX 2XIAL - ELEMENTID 10011 COEFFIGIENT OF UTILIZATION [%] B4
M AXIAL -LOAD CASE 1D 5 LOADING PLANE FAGTOR 05
WA AXIAL - AXIAL LOAD [E] 7503 FRELOAD UNCETRAINTY 025
max axial - axial Jead [N 1023 4 TORGUE COEFFICIENT 015
HAR AL - SHEAR LOAD I = SUMMARY OF MARGINS FOR BOLTS
A AR C DN GURATIONTD) NGRINAL MOS CALCULATION - GONFIGURATION ID NOMINAL
MAX SHEAR - ELEMENT ID 10021 JOINT SEPARATION 1 38 (MAX AXIAL)
MAX SHEAR - LOAD CASE ID 20 DIRECT TENSION ULTIMATE 447 [MAX AXIAL)
MAX sBEhAR - AX:Ah Lod%lﬂg] 2521723 DIRECT TENSION YIELD 502 {MAX AXIALY
max shear - axial (o2 TOTAL TENSION ULTIMATE 1 07 (MAX AXIAL)
MAX SHEAR - SHEAR LOAD [I5] 148 TOTAL TENSION YIELD 047(%AXAXIALJ
max shear - shaar load [N] 509 5
MAX COMBINED - CONF:GURATION 1D NOMINAL DIRECT THREAD SHEAR ULTIMATE 5,56 (MAX AXIAL)
WMAX GOMBINED - ELEMENT ID TOTAL THREAD SHEAR ULTIMATE 149 (MAX AXIALY
MAX COMBINED - LOAD GASE 1© SHEAR ULTIMATE 5 {MAX SHEAR)
CEFERITR R, LZA[%@ SAME AS MAX AXIAL BENDING ULTIMATE > 10
A d -axlaliea COMBINED SHEAR, TENSIGN AND BENDING ULTIMATE 107 (MAX AXIALY
L NOMINAL CONFIGURATION MINIMUM M0S 04
NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS 107
ULWF:TETSE‘?; ﬁﬁfﬂﬁf‘gmm — NOMINAL CONFIGURATION
minal configuratio
LTI ATE {for fall safe configuration) 0 SUMMARY OF MARGINS FOR BEARING FLANGES
YIELD [anly for nominal cenfiguration) 1.25 FLANGE 1 - BEARING ULTIMATE NA
JOINT SEPARATION {for nominal corfiguration] 1.2 FLANGE 1-BEARING YIELD
JOINT SEPARATION (for fail safe cenfiquration) 10 FLANGE 2 - BEARING ULTIMATE 401
FITTING FACTOR 115 FLANGE 2 - BEARING YIELD >10
NOMINAL CONFIGURATION MINIMUM MOS 801{ULTFL2)
BOLT & INSERT DATA
NOMINAL CIAMETER OF BOLT [in) 0.19 FAIL SAFE CONFIGURATION IDENTRFICATION
NUMBER OF THREADSINGH [1lin} 32 FAIL SAFE FAILED BOLT CONFIGURATION TEST FAIL SAFE
TOTAL LENGHT OF BOLT [in] 05 FAIL SAFE 1 FAILED BOLT ID 10011
| LENGHT OF INSERT[in] NA N
___.—..__.—[_IMIN g}%ﬁﬁi%:ggﬂs?m = g—z FAIL SAFE CONFIGURATION BOLT LOADS
[ IMINIEXTIDIAMETERIDEIN SRR TH 1] L
DEFTH OF RECESS FOR INSERT [in] NA M’:ﬁmﬁ LE"‘\EMCE:JE'% uﬁw
HEIGHT OF NUT [in] 0.25 WAX AXAL - AXIAL LOAD (6] 2876
max axial - axial wad [N] 12731
WASHER DATA MAX AXIAL - SHEAR TOAD [ib] 269
THICKNESS OF WASHER [in NA may axial - shaar load [M] 1183
OUTER DIAMETER OF WASHER [in] NA MAX SHEAR - ELEMENT 1D 10030
INNER DIAMETER OF WASHER fin NA WAX SHEAR - LOAD CASE 1D 17
BOLT HEAD DIAMETER [in] NA MAX SHEAR - AXJIAL LOAD [1b] ars
max shear - axial load {N] AGE 5
FLANGE DATA MAX SHEAR - SHEAR LOAD [Ib] 1254
THICK OF FLANGE 1 [In] NA mnax shear - shear load [N} 8578
THICK OF FLANGE 2 fin] 0118 MAX COMBINED - LOAD CASE 0
DIAMETER OF HOLE fin| 0.21 MAX COMBINED - AXIAL LOAD (i
tnax ] - axial Jozd [N] SAME AS MAX AXIAL
BOLT MATERIAL PROPERTY DATA MAX COMBINED - SHEAR LOAD ] _
TEMP FACTOR FOR ULTIMATE STRENGHT 094 max combined - shear load [N]
TEMP FACTOR FOR YIELD STRENGHT 0.94
ULTIMATE TENSILE ALLOWABLE STRESS [ksi] 150 FAIL SAFE CONFIGURATION
YIELD TENSILE ALLOWABLE STRESS [ksl 1104 SUMMARY OF MARGINS FOR BOLTS
TEMP FAGTOR FOR MODULUS 0.9 =
WODULUS OF ELASTICITY [ksi] 28100 Moz CALD:JmC;:P':g:;Jg:RATLON D :gangF:)L(LASX?‘;E)
THERWAL COERF - HOT [161:6]ag) 2 DIREGT TENSION ULTIMATE 7 75 (MAX AXIAL)
THERNAL COEFF - £OLD [15-6ideg) 8 TOTAL TENSION ULTINAT. 114 (MAX AXIAL)
DIREGT THREAD BHEAR ULTIMATE 95 (WAX AXIAL)
INSERT MATERIAL PROPERTY DATA TOTAL THREAD SHEAR ULTINATE 157 (MAX AXIAL]
TEMP FACTOR FOR ULTIMATE STRENGHT 0.94 1 SHEAR ULTIMATE 9 97 (MAX SHEAR)
ULTIMATE TENSILE ALLOWABLE STRESS [ks] NA ] BENDING ULTIMATE > 10
COMBINED SHEAR, TENSION AND BENCING ULTIMATE 114 [MAX AXIAL)
NUT MATERIAL PROPERTY DATA FAIL SAFE CONFIGURATICN MINIMUM ULTIMATE MOS 114
TEMP FACTOR FOR ULTIMATE STRENGHT 0.94
TENSILE ULTIMATE»:}X_LI—ILIOWAEkE STRESS [psi 125000 FAIL SAFE CONFIGURATION
LG by N
ULTIMATE AXIAL LOAD (ib] B SUMMARY OF MARGINS FOR BEARING FLANGES
WASHER MATERIAL PROPERTY BATA _ 'v.a- FLANDE | » HESHIRE L TIRETY H
TEMP FACTOR FOR MODULUS 1 ] L =]
MODULUS OF ELASTICITY [hel] Z8100 | FAIL SAFE CONFIGURATION MINIMUM MOS >10

Table 5-1: Joint 1 nominal and fail safe analyses (test)
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ANNEX U of NCR-PDS-CGS-C-136
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: JUNCTION PROPERTIES — — FLANGE MATERIAL PROPERTY DATA
BOLY NAS1352N08 TEMP FACTOR FOR MODULUS OF FLANGE 1 0 54
WASHER 1 NAS620 Co8 TEMP FACTOR FOR MODULUS OF FLANGE 2 04
WASHER 2 HA TEMP FACTOR FOR ULTIMATE STRENGHT OF FLANGE 2 004
NUT ULTIMATE SHEAR ALL OWABLE BTRESS OF FLANGE 2 [pal) 27000
INSERY MS521209 C08-10 MODULUS OF ELASTICITY FOR FLANGE 1 {kai] 10500
INSERT IN FLANGE 2 MODULUS OF ELASTICITY FOR FLANGE 2 (ua 10500
NUMBER OF FLANGES 2 THERMAL COEFF OF FLANGE 1 - HOT [1E{-8)/deg] 1215
LUBRICATED NO THERMAL COEFF OF FLANGE 1 - COLD [1E[-8)/deq) 118
FLANGE 1 NAME POS WALLS THERMAL GOEFF OF FLANGE 2 - HOT [1E(-8)¥dug] 1215
FLANGE 1 MATERIAL AITOTST7351 THERMAL COEFF OF FLANGE 2 - COLD [1E[-8)/dug] 118§
[ FLANGEIMATERIALSPEC 1 AMSOG-A2502 | ULTIMATE BEARING ALLOWABLE STREGA FOR FLANGE 1 [psi] BEAT0
[ FLANGE1THICKNESS fin] 0133 VIELD BEARING ALLOWABLE BTRESS FOR FLANGE 1 [psi) 74280
| FLANGETHOLEDIAMETER[n] | 018 ULTIMATE BEARING Atl OWABLE STREGS FOR FLANGE 2 [pai] 05370
L FLANGEZNAME POS WALLS YIELD BEARING ALLOWABLE STRES8 FOR FLANGE 2 [pui} 74280
FLANGE 2 MATERIAL AITDTSTI35
nas ,"“é’!';'.;g:“";;:';"l SR TORQUE AND PRELOAD DATA
L FLANGE2 HOLE DIAMETER [In) 015 MAK TORQUE (1 in] 200
max torque (N m) 23
MIN TORQUE [Ib in] 180
LOADS min targue [N m 20
MIAX, ARIAL - CONFIGURATICN I NOMINAL COEFFICIENT OF UTILZATION [%] =
MAX AXIAL . ELEMENT ID 12406  GADING PLANE FACTOR o
MACAXIALSCOADIEASEID = PRELOAD UNCETRAINTY 035
MAX AXIAL - AXIAL LOAD [IB] 285 TORQUE COEFFICIENT. 0.2
max axizl - axlal lead [N] 1264 k
MAX AXJAL - SHEAR LOAD [1b] 208
max axial - shear load [N} 803
MAX SHEAR - CONFIGURATION 1D NOMINAL
MAX SHEAR - ELEMENT 1D 10114 SUMMARY OF MARGING FOR BOLTS ]
TAA% SHEAR - LDAD CASE 1D 3 MOS GALCULATION - CONFIGURATIGN 1D NOMINAL
A% SHEAR - AS0AL LOAE o] 17 JOINT SEFARATION 7 02 (MAX AXIAL]
max shear - axial foad [K) 08 T B A
- 7 78 (MAX ASUAL |
MA::(HSE:.:' _i:ﬂ::&‘&m ;?z : TOTAL TENSION ULTIMATE 127 (MAX AXIALY
TOTAL TENSION YIELD 0 565 (MAX AXIAL}
MiAX COMBINED - CONFIGURATION D NOMINAZ DIRECT THREAD SHEAR ULTIMATE 38 59 (MAX AXIAL)
MAX COMBINED - ELEMENT 1D TOTAL THREAD SHEAR ULTIMATE 115 (MAX AXIAL
MAX COMBINED - LOAD GASE ID SHEAR ULTIMATE 1 93 (MAX SHEAR)
MAX COMEINED - AXIAL LOAD [Ik) SAME AS MAX SHEAR BENDING ULTIMATE > 10
nax combined - axlal lead COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0 533 {MAX SHEAR)
WAX COMBINED - SHEAR LOAD [1b] 7 NEIGUR ] o3 B
max oombined - shear (oad [N) NOMNAL CONFIGURATION MINIMUM ULTIMATE MOS 053
FACTORS OF SAFETY NOMINAL CONFIGURATION
ULTIMATE (for nominal configuration) >0 SUMMARY OF MARGINS FOR BEARING FLANGES
ULTIMATE {for fail safe configuration) 10 EDANGE 1, BE’“‘“‘IG UETINATE BT
YIELD {onty for nominal configurationy 125 = L;ﬁggfﬂ‘g&ﬁ: gﬁa‘gﬁ:ﬁ = i?{;’
JOINT SEPARATION {for neminal cunfrjguratiun) 12 FLANGE 2 - REARING YIELD 10
JOINT SEPARATION {for fail safe configuration) 10
TINGEAC ER T NOWINAL CONFIGURATION MINIMUM MOS 548 (ULT+FL3)
FAIL SAFE CONFIGURATION JDENTIFICATICN
BOLT & INSERT DATA TAIL SAFE FALED BOLT CONFIGURATION TEST FAIL SAPE ]
NOMINAL DIAMETER OF BOLT Tin] 0164 RIS S AFENIPARED DOIRID ToFE] {
NUMBER OF THREADS/ANCH [1/in] 32
TOTAL LENGHT OF BOLT [in] oIS FAIL SAFE CONFIGURATION BOLT LOADS
LENGHT OF INSERT [in] 0 248 RIS EIENENTIE it
THREADED LENGHT [in] b WAX AXIAL - LOAD CASE D 3
MIN EXT DIAMETER OF INSERT [in] 0205 MAX AXIAL - AXIAL LOAG [Ib] B
DEPTH OF RECESS FOR INSERT [in] 002 i axial - aoial oad [N T
HEIGHT QF NUT [in] NA MAX AXIAL - SHEAR LOAD [Ib) 203
max axial - sheat Joad l! 8901
WAGHER DATA MAX SHEAR - ECEMENT 1D 0115
THICKNESS OF WASHER fin] 0032 :A‘:::EE:;‘_‘;;’@E f:jg e =
OUTER DIAMETER OF WASHER [in] 0304 —‘m;md_um 203
INNER DIAMETER OF WASHER fin] 0 168 MAX SHEAR - SHEAR | OAD [16] 1983
BOLT HEW 027 max shear - shear load 882 0
MAX COMBINED - LOAD CASE ID
FLANGE DATA MAX COMBINED - AXIAL LOAD Jib]
THICK DF FLANGE 1 [in] D 133 max comblnad - axial load [N} SAME AS MAX SHEAR
THICK OF FLANGE 2 [in 0.246 MAX COMBINED - SHEAR LOAD [ib)
DIAMETER OF HOLE Eﬁ 018 max comblned - shear load [N])
BOLT MATERIAL PROPERTY DATA OSSR EICOREICURATION
TEMP FACTOR FOR ULTIMATE STRENGHT 094 SUMMARY OF MARGINS FOR BOLTS
MOS CALCULATION - CONFIGURATIGN |0 TEST FAIL SAFE
TEMP FACTOR FOR YIELD 5 TRENGHT 094 O NTSERARATION B 656 (WAX AXIAL]
ULTIMATE TENSILE ALLOWABLE STRESS [ksi] 160 DIRECT TENSION ULTIMATE 60 64 (MAX AXIAL)
YIELD TENSILE ALLOWABLE STRESS (si] 110 TOTAL TENSION UL TIMATE 1 28 (WA AXIAL )
TEMP FACTOR FOR MODULUS 084 DIRECT THREAD SHEAR ULTIMATE 5850 [MAX AXIAL)
MODULUS OF ELASTICITY [ksi] 29100 TOTAL THREAD SHEAR ULTIMATE 12 (MAX AXIAL)
THERMAL COEFF - HOT [1E(-6)/ded] 91 SHEAR ULTIMATE 373 {MAX SHEAR]
THERMAL GCEFF - COLD [1E{ 6)/deg] 78 BENDING ULTIMATE > 10
COMBINED SHEAR, TENS/ON AND BENDING ULTIMATE 718 (MAX SHEAR]
INSERT MATERIAL PROPERTY DATA FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 118
TEMP FACTOR FOR ULTIMATE STRENGHT 0.04 |
1ULTIMATE TENSILE ALLCWABELE STRESS [ks]] 150 | FAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BEARING FLANGES
NUT MATERIAL PROPERTY DATA FLANGE 1 - BEARING ULTIMATE gz
TEMP FACTOR FGR ULTIMATE STRENGHT NA ELANAE 2 BEARING ULTINATE =il
TENSILE ULTIMATE ALLOWABLE STRESS [psi] NA FALL SAFE CONFIGURATION MINIMUM MOS >0
ULTIMATE AXIAL LOAD [Ib] NA
WASHER MATERIAL PROPERTY DATA
TEMP FACTOR FOR MODULUS 1 |
MODULUS OF ELASTICITY [ka]] 29100 1

Table 5-2; Joint 2 nominal and fail safe analyses (test)
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JUNGTION PROPERTIES —— ___FLANGE MATERIAL PROPERTY DATA
BOLT MS24871 TEMP FACTOR FOR MODULUS OF FLANGE 1 004
WABHER 1 NA TEMP FACTOR_FOR MODULUS OF FLANGE 2 0.94
WASHER 2 NA TEMP FACTOR FOR ULTIMATE STRENGHT OF FLANGE 2 D04
NUT HA ULTIMATE BHEAR ALLOWABLE STRES2 OF FLANGE 2 [ps 21000
INSERT ME21208 CO8-10 MODULUS OF ELAATICITY FOR FLANGE 1 (kaf) 10500
INSERT IN FLANGE 2 MODULUS OF ELASTICITY FOR FLANGE 2 [ksi) 10500
NUMBER OF FLANGES 2 THERMAL COEFF OF FLANGE 1 - HOT [1E(-8¥dsg] 1215
LUBRICATED NO THERMAL COEFF OF FLANGE 1 - COLD [1E{-S}ideg] 115
FLANGE 1 NAME PDS WALLS THERMAL COEFF OF FLANGE 2 - HOT [1E{-8)/dug] 12.15
FLANGE 1 MATERIAL AITO7STII51 | THEAMAL COEFF OF FLANGE 2 - COLD [1E{-8}idag] 1.5
FLANGE 1 MATERIAL BPEC AMS-0G-A-250112 ULTIMATE BEARING ALLOWABLE STREBS FOR FLANGE 1 [ps1 95B70
| FLANGE1 THICKNESS [in] 0.133 YIELD BEARING ALLOWABLE BTRESS FOR FLANGE 1 [pai) T4260
FLANGE 1 HOLE DIAMETER [In] D18 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [pai] 95A70
FLANGE 2 NAME PDS WALLS YIELD PEARING ALLOWABLE STRESS FOR FLANGE 2 [pai] 74260
FLANGE 2 MATERIAL ATOISTIAS -
FLANGE 2 MATERIAL SPEC AMS-00-A-250/12
TLANGE 2 THICKNESS [in] T TORQUE AND PREL.OAD DATA
FLANGE 2 HOLE DIAMETER [in] 0.18 MAX TORGUE [Ib In] 10
max torque [N m] 12
MIN TORQUE [Ib in] 108
min targue [N m] 12
LOADS
GOEFFICIENT OF UTILIZATION [%] 86
MAX AXIAL - CONFIGURATION I NOMINAL
MAX AXIAL - ELEMENT 1D 10100 LOADING PLANE FACTOR 05
MAX AXIAL - LOAD CASE 1D 16 PRELCAD UNCETRAINTY R
MAK AXIAL - AXIAL LOAD [th] 990 TORQUE COEFFICIENT 02
max axial - axial load [N 444 3
MAX AXIAL - SHEAR LOAD [1b] 1024 SUMMARY OF MARGINS FOR BOLTS
max axlal - shear load [N] 4553 MOS GALGULATION - GONFIGURATION ID MNOMINAL
MAX SHEAR - GCONFIGURATION ID NOMINAL JOINT SEFARATION 108 (MAX AXIAL)
WX SHEAR - ELEMENT 1D 10091 DIRECT TENSION ULTIMATE 3 68 (MAX AXIALY
MAX SHEAR - LOAD CASE ID 9 DIRECT TENSION YIELD 45 (MAX AXIAL)
MAX SHEAR - AXIAL LOAD [1b] 563 TOTAL TENSION ULTIMATE 092 (MAX AXIALY
max shear - axlal load [K] 2502 TOTAL TENSION YIELD © 455 | MAX AXIALY
MAX SHEAR - SHEAR LOAD [I5] 1085 DIRECT THREAD SHEAR LILTIMATE 7 a7 (MAX AXIAL)
max shear - shoar load [N) 487 0 TOTAL THREAD $HEAR ULTIMATE 2 54 {MAX AXIAL
WAY COMBINED - CONFIGURATIGN 1D NGMINAL SHEAR ULTIMATE 1 T4 (MAX SHEAR]
MAX COMBINED LZ:E"CEA'SE";J BENDING ULTIMATE > 1
MAX COMBINED - GOMBINED SHEAR, TENSICN AND BENDING ULTIMATE 0548 {MAX SHEAR]
L e SAME AS MAX AXIAL [ NOMINAL CONFIGURATION MINIMUN MOS 7%
W E B NESHE HE RRIGATITE] NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS 055
max combined - shear load [N]
NOMINAL CONFIGURATION
SUMMARY OF MARGINS FOR BEARING FLANGES
EACTORS OF SAFETY FLANGE 1 - BEARING ULTIMATE B a5
- FLANGE 1 - BEARING YIELD =10
t’i}mﬂ; {for nominal configuration) 20 FLANGE 2 - BEARING ULTIMATE 10
{far fail safe configuration) 10 FLANGE 2 . BEARING YIELD =T
YIELD {enly for tieminal configuration) 1.25
JOINT SEPARATION (for nominal configuralion) 12 NOMINAL CONFIGURATION MINIMUM MOS >
JOINT SEPARATION {for fail safe configuration) 10
FITTING FACTOR 115 FAIL SAFE CONFIGURATION IDENTIFICATION
FAIL GAFE FAILED BOLT GONFIGURATION TEST FALGAFE |
BOLT & INSERT DATA FAIL SAFE 1 FAILED BOLT 1D 10091
IAMETER OF BOLT [in] 0 164
N Bk OF TR ERoaart Thin = FAIL SAFE CONFIGURATION BOLT LOADS
TOTAL LENGHT OF BOLT [in] 0§ MAX BXIAL « ELEMENT ID 19100
LENGHT OF INSERT {in] 0 245 MAX AXIAL - LOAD GASE 1D 16
SHREADED LENGHT [in] 05 MAX A’“A}-I' AXI-A:'ELO:&]M lggé
MIN EXT DIAMETER OF INSERT [in] 0 205 max axa’ - i loa
DEFTH OF RECESS FOR INSERT [in) 002 M"': nﬁ*&';f%]ﬂﬁl 4914533
HEIGHT OF NUT [in) ba MAX SHEAR - ELEMENT 13 0092
MAX SHEAR - LOAD CASE 1D 7
WASHER DATA MAX SHEAR - AXIAL LOAD [1b] 3TE
THICKNESS OF WASHER [in] NA max shear - &xial load [N] 1404
DQUTER DIAMETER OF WASHER [in] NA MAX SHEAR - SHEAR LOAD [Io] ____ 166
INNER DIAMETER OF WASHER [in] A maX shear - shear load 5166
BOLT HEAD DIAMETER [in] 0 359 MAX COMBINED - LOAD CASE 1D
MAX COMBINED - AXIAL LOAD [b]
max combined - axial load SAME AS MAX SHEAR
FLANGE DATA MAX COMBINED - SHEAR LGAD [1h]
THICK OF FLANGE 1 [in 0138 max combined - sheat Jaad [N]
THICK OF FLANGE 2 [in 0.246
DIAMETER OF HOLE [in a8 FAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BOLTS
BOLT MATERIAL PROPERTY DATA MOS CALCULATION - CONFIGURATION 1D TEST FAIL SAFE
TEMP FACTOR FOR ULTIMATE STRENGHT 0.94 JOINT SEPARATION 0 26 (MAX AXIEL)
TEMP FAGTOR FOR YIELD STRENGHT 094 DIREGT TENSION ULTIMATE B 05 (MAX AXIAL)
ULTIMATE TENSILE ALLOWABLE STRESS [ksi] 80 TGTAL TENSIQN ULTIMATE 097 (MAX A0AL)
YIELD TENSI|,E ALLOWABLE STRESS [ksi] 80 DIRECT THREAD SHEAR ULTIMATE 15 72 {MAX AXIAL)
TEMP FAGCTOR FOR MOBDULUS B 64 TOTAL THREAD SHEAR ULTIMATE 263 [MAX ANIAL)
MODULUS OF ELASTICITY [ksi) 29100 SHEAR WLTIMATE 302 (MAX SHEAR)
THERMAL COEFF - HOT [1E(-§)/deq] 51 BENDING ULTIMATE > 10
THERMAL COEFF - COLD [1E{-8}/deq] 76 COMEINED SHEAR, TENSION AND BENDING ULTIMATE 0 88 [(MAX SHEAR)
FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 039
INSERT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULTIMATE STRENGHT 084 | FAIL, SAFE CONFIGURATION
ULTIMATE TENSILE ALLOWABLE STRESS [ksi] 150 ] SUMMARY OF MARGINS FOR BEARING FLANGES
FLANGE 1 - BEARING ULTIMATE +10
NUT MATERJAL PROPERTY DATA FLANGE 2 - BEARING ULTIMATE >10
TEMP FACTOR FOR ULTIMATE STRENGHT NA FAIL SAFE CONFIGURATION MINIMUM MOS >10
TENSILE ULTIMATE ALLOWABLE STRESS [psi] NA
UL TIMATE AXIAL LOAD [lb] NA
) _ WASHER MATERIAL PROPERTY DATA
TEMP FACTOR FOR MODULUS 1
MODULUS OF ELASTICITY [ksf] 29100 |

Table 5-3: Joint 3 nomina! and fail safe analyses (test)
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_ JUNCTION PROPERTIES FLANGE MATERIAL PROPERTY DATA
BOLT NAS1351N3 TEVP FACTOR FOR MODULUS OF FEANGE 1 094
WASHER 1 NAS820 C10 TENP FACTOR FOR MODULUS DF FLANGE 2 094
WASHER 2 NA TEMP FACTOR FOR ULT!MATE STRENGHT OF FLANGE 2 094
NUT NA ULTIMATE SHEAR ALLOWABLE STRESS OF FLANGE 2 [ps] 27000
INSERT MS21200 F1:10 MODULUS OF ELASTICITY FOR FLANGE 1 [Ksi] 10500
INSERT IN FLANGE 2 MODULUS OF ELASTICITY FOR FLANGE 2 [Ksi] 10500
NUMBER OF FLANGES 2 THERMAL COEFF OF FLANGE 1- HOT [1E{-6)/deg] 1z 15
LUBRICATED NO THERMAL COEFF OF FLANGE 1 - COLD [1E{-6)ideg] 115
FLANGE 3 NAME PDS WALLS THERMAL COEFF OF FLANGE 2 - HOT [1E{-6)/deg] 17 18
FLANGE 1 MATERIAL AIT075T7351 THERMAL COEFF OF FLANGE 2 - COLD [1E{-6}ideg] 115
FLANGE 1 MATERIAL 8PEC | AMS-0Q.A.250012 | ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 1[psi] 95870
| FLANGE{ THICKNESA fin] o118 YIELD BEARING ALLOWABLE STRESS FOR FLANGE 1 [psil 74260
L FLANGE 1 HOLE DIAMETER [in] | ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [psi] 95870
FLANGE 2 NAME PDS WALLS YIELD BEARING ALLOWABLE STRESS FOR FLANGE 2 [psi] 74260
FLANGE Z MATERIAL AI7075T7351 —
FLANGE 2 MATERIAL 3PEC AMS O0-A-25012
FLANGE 2 THICKNESS i) A 7. P TORQUE AND PRELOAD DATA
FLANGE 2 HOLE DIAMETER [in) 021 MARSTORGUEN hli] 320
max targue [N m) 36
LOADS MIN YORQUE [lb In] 300
MAX AXIAL - CONFIGURATION 1B NOMINAL in torgue [N m) 34
WMAX AXIAL - ELEMENT 1T 15848 COEFFICIENT OF UTILIZATION [%] 50
MAX AXIAL - LOAD CASE ID 14 LOADING PLANE FAGTOR 05
MAX AXIAL - AXIAL LOAD [ib) 445 PRELOAD UNCETRAINTY 035
max axial - axial load [N] 1978 TORQUE COEFFICIENT 02
MAX AXIAL - SHEAR LOAD [Ib 74
max axlal - shear load [N{ ! 772 S#C?lhéiﬁé{uﬂ:TrgaRGw FOR BOLTS =
TAX SHEAR - CONFIGURATION 1D NOMINAL =CONEISURATIONIID NOMINALY
MAXERE AREE NEMER TR 2503 JGINT SEPARATION .74 (MAX AXIAL)
GIRECT TENSICN ULTIMATE 27 25 (MAX AXIALY
MAX SHEAR - LOAD CASE 1D ]
DIRECT TENSION YIELD 3011 (MAX AXIAL)
WAX SHEAR - AXIAL LOAD [1b] 8.2
roax Shoat axialjoad ] oo TOTAL TENSION ULTIMATE 1 37 [MAX AXIAL)
MAX SHEAR - SHEAR LOAD [1b] 105.0 TOTAL TENSION YIELD 0638 (MAX AXIAL)
miax shear - shear load [N] YT DIRECT THREAD SHEAR ULTIMATE, 15 02 (MAX AXIAL)
WMAX COMBINED - GGNFIGURATION 1D NOMINAL TOTAL T;ﬁf::fﬂ'fm.;m”mi s ;:‘&";H"E'ﬁ]
MAX COMBINED - ELEMENT 1D BENDINGIUETIATE] l—) i
n';‘:“xx gg;";:f;’_' :’zgs fo‘“fs E] COMBINED SHEAR, TENSION AND BENDING ULTIMATE 1362 [MAX AXIAL)
ax combined - axial load [N] SAME AS MAX AXIAL NOMINAL CONFIGURATION MINIMUM MOS [ET]
fAAX COMBINED - SHEAR LOAD [16] NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS 0.34
cotnblned - shear [oad [N
e — NOMINAL CONFIGURATION
FACTORS OF SAFETY SUMMARY OF MARGINS FOR BEARING FLANGES
ULTIMATE ifer naminal genfiguration) 20 FLANGE 1 - BEARING ULTIMATE 9.03
ULTIMATE (for fail safe configuration) 1.0 FLANGE 1 - BEARING Y!ELD >10
YIELD {only for nominal configuration} 1.25 FLANGE 2 - BEARING ULTIMATE >10
JOINT SEPARATION {far nominal confguration) 12 FLANGE 2 - BEARING YIELD >0
JOINT SEPARATION {for fail safe canfiguration) 10 NOMINAL CONFIGURATION MINIMUM MOS =10
FITTING FACTOR 115
FAIL SAFE CONFIGURATION IDENTIFICATION
BOLT & INSERT DATA FAIL SAFE FAILED BOLT GONFIGURATION TEST FALSAFE ]
NOMINAL DIAMETER OF BOLY {in] pus FAIL SAFE 1 FAILED BOLT ID 2548 ]
NUMBER OF THREADS/INCH [1/in] 32
TOTAL LENGHT OF BOLT [in] 0.5 - —
LENGHT OF INSERT [in] 0.18 FAIL SAFE CONFIGURATION BOLT LOADS
THREADED LENGHT [in] 05 MAX AXIAL - ELEMENT (D 12547
MIN EXT DIAMETER GF INSERT [in] 0236 MAX AXIAL - LOAD CASE ID 0
DEPTH OF RECESS FOR INSERT [in] 002 MAX AXIAL - AXIAL LOAD [1b] 180
HEIGHT OF NUT [in] NA max axial - axlal load [N] 2218
MAX AXIAL - SHEAR LOAD [ib] 78
WASHER DATA max axlal - shaar joad (N} 34.8
THICKNESS OF WASHER [in] 0 082 MAX SHEAR - ELEMENT 1D 12403
GUTER DIAMETER OF WASHER [in] 0354 MAX 3HEAR - LOAD CASE [D []
INNER DIAMETER GF WASHER [in] 0195 o MAXSHEAR-AMIAL LOAD [Ib] B2
BOLT HEAD DIAMETER [in] 03122 mAx shear - axlal load [N] 36 4
MAX BHEAR - SHEAR LOAD [1b] 1038
max shear - shear load 4818
FLANGE DATA MAX COMBINED - LOAD CASE ID
THICK OF FLANGE 1 [in] 0118 4% COMBINED —ARIAL LOAD TI5
THICK OF FLANGE 2 [in) pig max combined - axlal load SAME AS MAX SHEAR
DIAMETEROFHOLEI[In) 021 MAX COMBINED - SHEAR LOAD [ib]
BOLT MATERIAL PROPERTY DATA | maxcomblned. shaarload N
TEMP FACTOR FOR ULTIMATE STRENGHT 064
TEMP FACTOR FOR YIELD STRENGHT 094 FAIL SAFE CONFIGURATION
ULTIMATE TENSILE ALLOWABLE STRESS [ksi] 150 SUMMARY OF MARGINS FOR BOLTS
YIELD JENSILE ALLOWABLE STRESS [ks 110 MOS CALCULATION - CONFIGURATION ID TEST FAL SAFE
TEMP FAC TOR FOR MODULUS D04 JDINT SEPARATION 7,28 (MAX AXIAL)
MODULUS OF ELASTICITY [ksi] 25100 DIRECT TENSION ULTIMATE 48 45 (MAX AXIALY
THERMAL COEFF - HOT [1E{®6)/deg) 91 TOTAL TENSION ULTIMATE 138 (MAX AXIAL)
THERMAL COEFF - COLD [1E[-8)/deg] 76 DIRECT THREAD SHEAR ULTIMATE, 77 57 (MAX AXIAL}
TOTAL THREAD SHEAR ULTIMATE 0 35 (MAX AXIAL}
INSERT MATERIAL PROPERTY DATA SHEAR ULTIMATE 1224 (MAX SHEAR)
TEMP FACTOR FOR ULTIMATE STRENGHT 054 ] BENDING ULTIMATE > 10
TLTIMATE TENSILE ALLOWABLE STRESS [ksi] 50 | COMBINED SHEAR, TENSION AND BENDING ULTIMATE 1 38 (MAX AXIAL)
FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 036
NUT MATERIAL PROPERTY DATA
TEMP FACTDR FOR ULTIMATE STRENGHT NA FAIL SAFE CONFIGURATION
TENSKEE ULTIMATE ALLOWARLE STRESS [pei] NA SUMMARY OF MARGINS FOR BEARING FLANGES
UETMATEIAXIARLOADINL] HA FLANGE 1 - BEARING ULTIMATE 10
— — FLANGE 2 - BEARING ULTIMATE >10
WASHER MATERIAL PROPERTY DATA FAIL SAFE CONFIGURATION MINIMUM MOS =10 ]
TEMP FACTOR FOR MODULUS i ]
MODULUS OF ELASTICITY [ksi] 2100 ]

Table 5-4: Joint 4 nominal and fail safe analyses (test)
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JUNCTION PROPERTIES [ TORGUEANDPRELOADDATA
= HOLY O B85 ANZS MAX TORGUE [1b fn] 2800 ]
max 1orgus [N m 0 294
WASHER 1 N: WMIN TORQUE [1b In] Zam
WASHER 2 N min forgua [N m 0271 ]
NUT NA COEFFICIENT OF UTILIZATION [%] 93470
INSERY TBD LOADING PLANE FACTOR 0§
INSERT IN FLANGE 2 PRELOAD UNCETRAINTY 035
NUMBER OF FLANGES 2 TORGUE COEFFICIENT 020
LUBRICATED NO
FLANGE 1 NAME Covern LCAD:
FLANGE § MATERIAL Mumialall MAX AXIAL - CONFIGURATICN ID NOMINAL
FLANGE 1 MATERIAL SPEC ) MAX AXIAL - ELEMENT 1D 13382884
FLANGE 1 THICKNESS [in) 0038 MAX AXIAL - LOAD CASE ID 4
FLANGE 1 HOLE DIAMETER [in] 0102 e e i
FLANGE 2 NAME Boards max axial - axial oa
FLANGE 7 MATERIAL AL 7075 T7351 MAX AXAL - _s::"igf“';;“;lm’l 1
FLANGE 2 MATERIAL SPEC J ?:r WAX SHEAR - CONFIGURATION 1D NOMINAL
FLANGE 2 THICKNESS [In] MAX SHEAR - ELEMENT ID 13382036
FLANGE 2 HOLE DIAMETER [in] _ D185 WAX SHEAR - LOAD GASE ID 36
MAX SHEAR - AXIAL LOAD [1b] 36
FACTORS OF SAFETY ‘max shear - axiai load [N] 5.8
ULTIMATE (for nominal configuration} 20 MAX SHEAR - SHEAR LOAD [I] 150
ULTIMATE (for fail sale confliguration) 10 __max shear - shear Joad [N] 66 3
YIELD {only for nominal canfiguration) 13 MAX COMBINED - CONFIGURATION 1D NOMINAL
JOINT SEPARATION [for neminal configuratian) 12 MAX COMBINED - ELEMENT ID) 13362884
JOINT SEPARATION (for fail safe configuration) 10 MAX COMBINED - LOAD CASE (D 3000
FITTING FAGTOR 12 MAX COMBINED - AXIAL LOAD [ib] 4500
max combined - axial laad [N] 19 74¢
MAX COMBINED - SHEAR LDAD [Ib] 9100
AS;EBTETE%;EER&E&LA['F] = max tombined - shear load [N] 40 260
MAX TEWPERATURE [*F) i SUMMARY OF MARGINS FOR BOLTS
MIN TEMPERATURE ['Fi 52 MOS CALCULATION - CONFIGURATION IB NOMINAL
JOINT SEPARATION 914 (MAX AXIALY
BOLT & INSERT DATA DIRECT TENSION ULTIMATE 74,63 {MAX AXIALY
NOMINAL DIAMETER OF BOLT [in] 0099 DIRECT TENSION YIELD 31,81 {MAX AXIAL)
NUMBER OF THREADSANGH [1/in] 48 TOTAL TENSION ULTIMATE .36 (MAX AXIAL,
TOTAL LENGHT OF BOLT [in] 0157 TOTAL TENSION YIELD 0091 (MAX AXIALY
LENGHT OF INSERT [in] 0189 DIRECT THREAD SHEAR ULTIMATE 4915 {MAX AXIAL)
THREADED LENGHT [in] 0157 TOTAL THREAE SHEAR ULTIMATE 1.66 {MAX AXIAL}
MIN EXT CIAMETER OF INSERT [in} 0 165 BSE:ED?:GUL'IE:;:; 2 85 (MAX SHE MA’: DSHEARJ
o = >
DERTH ?‘FE:::;E??TEE? ;lo.l$ F}:‘?ERT [in] NA COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0 333 {MAX SHEAR)
: NOMINAL CONFIGURATION MINIMUM MOS, AT
WASDER DATA NOMINAL CONFIGURATION MINIMUM ULTIMATE MO8 0333
TRICKNESS OF WASHER [in] NA
QOUTER DIAMETER GF WASHER [in) NA NOMINAL CONFIGURATION
NNER DIAMETER OF WASHER [in A SUMMARY OF MARGINS FOR BEARING FLANGES
= FLANGE 1 - BEARING ULTIMATE 0593
BOLT HEAD DIAMETER [in] 0185 e E ARG 5
FLANGE 2 - BEARING ULTIMATE >10
FLANGE DATA FLANGE 2- BEARING YIELD) 10
THICK OF FLANGE 1 lin] L1039 NOMINAL CONFIGURATION MINIMUM MOS 059 ULTFL2)
THICK OF FLANGE 2 [in] 0 787
DIAMETER i 0102
AMETER OF HOLE [in] FAIL SAFE CONFIGURATION IDENTIFIGATION
BOLT MATERIAL PROPERTY DATA FAIL SAFE FAILED BOLT GONFIGURATION TEST FAIL SAFE ]
YEMP FACTOR FOR ULTIMATE STRENGHT 094 FAIL SAEEAIFALEDIBOLTID t3saz038 |
TEMP FACTOR FOR YIELD STRENGHT 0.94
ULTIMATE TENSILE ALLOWASLE STRESS [ksi] 58.02 FAIL SAFE :A?(rﬂfyﬁgﬁ':ﬁg“ LOADS T
YIELD TENSILE ALLOWABLE STRESS [Ksi] 4641 MEAXIA I ORSICASEID :
TEMP FACTOR FOR MODULUS 0.94 MAX AXIAL - AXIAL LOAD [ib] =5
MODULUS GF ELASTICITY [ksi] 30457 92 miax axial - axial foad IN] 22.7
TEERMAL COEFF - HOT [1E(-6)degF] 8.1 MAAX AXIAL - SHEAR LOAD [ib] 11§
THERMWAL COEFF - COLD [1E{-6)/degF] 7.80 max axlal - shear load [N 527
MAX SHEAR - ELEMENT ID 13382033
INSERT MATERIAL #ROPERTY DATA MAX SHEAR - LOAD CASE ID 3
TEMP FACTGR FOR ULTIMATE STRENGHT 0 940 ] MAX SHEAR « AXIAL LQAD [Ib] 18
ULTIMATE TENSILE ALLOWABLE STRESS [ksi] 67 899 I maxshear-axial load [N] 165
MAX SHEAR - SHEAR LCAD [Ib] 329
NUT MATERIAL PROPERTY DATA max shear - shear Ioad | 1462
COMBINED - | OAD CASE D
TEMP FACTOR FOR ULTIMATE STRENGHT NA nT::coMEm:n = :XIQL LQAD 'm,]
TENSILE ULTIMATE AL| OWABLE STRESS [psi] NA ax combined - axial load [N . R
ULTIMATE AXIAL LOAD [Ib) NA MAX COMBINED - SHEAR LOAD [1b] aMa s max shear
‘ mhax combined - shear load
WASHER MATERIAL PROPERTY DATA MAX COMBINED - ELEMENT ID
TEMP FACTOR FOR MODULUS NA FAIL SAFE CONFIGURATION
MODULUS OF ELASTICITY fksi] NA SUMMARY OF MARGINS FOR BOLTS
MOS CALCULATION - CONFIGURATION ID TEST FAL SAFE
FLANGE MATERIAL PROPERTY DATA JOINT SEPARATION 9 53 (MAX AXIAL)
TEMP FACTOR FOR MODULUS OF FLANGE 1 1 DIRECT TENSION ULTIMATE 43 36 (MAX AXIAL)
TEMP FACTOR FOR MODULUS OF FLANGE 2 1 TOTAL TENSION ULTIMATE 0 36 (MAX AXIAL)
TEMP FAGTCOR FOR ULTIMATE STRENGHT OF FLANGE 2 094 DIRECT THREAD SHEAR ULTIMATE B5 79 (MAX AXIAL)
ULTIMATE SHEAR ALLOWABLE STRESS OF FLANGE Z[psi] 40793.70 TCTAINTHREADISHEARIULTIMATE 167 (MAX AXIAL)
MODULUS DF ELASTICITY FOR FLANGE 1 [ksi] 24656 42 et DLTINATE 2 UMAS LAR)
TH“;IOJ\ZIJAII-_UC?OOEI;EIE::SJII.?;;;??:;?&%E;F] 15:;%0 COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0 33 (MAX SHEAR)
THERWAL COEFF OF FLANGE 1 - COLD [1E{8YdegF] 750 FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS TEES
THERMAL COEFF OF FLANGE 2 - HOT [1E(-6)/degF] 1215
THERMAL COEFF OF FLANGE 2 - GOLD [1E{-6)/degF] 1150 FAIL SAFE CONFIGURATION
ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 1 [psi] 13634 SUMMARY OF MARGINS FOR BEARING FLANGES
YIELD BEARING ALLOWABLE STRESS FOR FLANGE 1 [psi] 13634 FLANGE 1 - BEARING ULTIMATE 821 ]
ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [psi] 95870 FLANGE 2 - BEARING ULTIMATE 10 ]
¥|ELD BEARING ALLOWABLE STRESS FOR FLANGE 2 [psi] 74260 FAIL SAFE CONFIGURATION MINIMUM MOS .21

Table 5-5; Joint 6 nominal and Fail safe analyses (test)
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6. JOINTS MOS IN FLIGHT CONFIGURATION
6.1  JOINT 1 (FLIGHT)
JUNCTION PROPERTIES _ _ - FLANGE MATERIAL PROPERTY DATA
BOLT NAG1351HY TEMP FACTOR FOR MODULUS OF FLANGE 1 084
WABHER 1 HA TEMP FACTOR FOR MODULUS OF FLANGE 2 084
WASHER 2 HA TEMF FACTOR FOR ULTIMATE STRENGHT OF FLANGE 2 084
NUT MS2106003 ULTIMATE SHEAR AULOWABLE STRESS OF FLANGE 2 [pal) NA
INSERT HA MODULUS OF ELASTICITY FOR FLANGE 1 [kel] 10500
INSERT IN FLANGE 2 MODULUS OF ELASTICITY FOR FLANGE 2 [kel] 10500
NUMBER OF FLANGES 2 THERMAL COEFF OF FLANGE 1 - HOT [1E[-8)/deg) 15
LUBRICATED YES THERMAL COEFF OF FLANGE 1 - COLD [1E{-6)idug] 15
FLANGE 1 NAME INSERT TYPE B THERMAL COEFF OF FLANGE 2 . HOT [1E[-8}/deg] 15
FLANGE { MATERIAL ALTOTS T7351 THERMAL COEFF OF FLANGE 2 - COLD [1E{-8}/ds, 15
FLANGE 1 MATERIAL SPEC AMS-QQ.A- 2258 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 1 [psl] NA
| FLANGE 1 THICKNESS [in] L] YIELD BEARING ALLOWABLE STRESS FOR FLANGE 1 [pal] NA
| FLANGE1HOLEDIAMETER[in] | 921 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [pal] 55870
FLANGE 2 NAME BASEPLATE YIELD BEARING ALLOWABLE STRESS FOR FLANGE 2 [pal] 74260
FLANGE 2 MATERIAL ALTO75 17351 | — —_—
FLANGE 2 MATERIAL BPEC AMS-00-A- 250112
FLANGE 2 THICKNESS fin] ST TORQUE AND PRELOAD DATA
FUANGE 1 HOLE DIAMETER (in] 02i MAX TORQUE [Ib in] 780
max torgue [N m] 32
MIN TORQUE [ib in] 26 0
LOAD: min torgue [N m] 29
e TEITD COEFFICIENT OF UTILIZATION [%] 64
MAX AXIL - LOAD CASE I % PRECOAD UNCETRANTY
MAX AXIAL - AXIAL LOAD L] iCs] TORQUE COEFFICIENT 015
max axial - axial load [N] 80.2
MAX AXIAL - SHEAR LOAD [ib] I SUMMARY OF MARGINS FOR BOLTS
max axiaj - shear load [N] 4130 MDS CALCULATION - CONFIGLIRATION 3D NOMINAL
MAX SHEAR - CONFIGURATION 1D NOMINAL I TBEP ARATION BT BAAK AL
Mﬁﬂﬂ:ﬁﬁ ;E;;”f,ﬁ};{’n m:: i DIRECT TENSION ULTIMATE 68 54 (MAX AXIAL)
TAAX SHEAR - AXIAL LOAD [ih] o DIRECT TENSION YIELD 75 5 (MAX AKIAL)
% shoar - moal Toad ) TOTAL TENSION ULTIMATE 125 (MAK AXIAL)
WAX SHEAR - SHEAR LOAD [I5] 1353 TOTAL TENSION VIELD 0 55 (MAX AXIAL)
e T DIRECT THREAD SHEAR ULTIMATE 82 45 (MAX AXIAL)
MAX COMBINED - CONFIGURATION 1D HOMINAL ICTAINTHREADISHEARIVINT|MATE 1,7 (MAX AXIAL
SHEAR ULTIMATE 4.2 (MAX SHEAR)
MAX COMBINED - ELEMENT ID RO ATE =
MAX COMEINED - LOAD CASEID COMBINED SHEAR, TENSION AND BENDING ULTIMATE 118 (MAX SHEAR}
MAX COMBNED AXIAL LOAD [} SAME AS MAX SHEAR FINAL CONFIGURATION MINMUR MOS 055
WAX COMBINED - SHEAR LOAD [if] NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS 118
rnax comhbined - shear foad [N]
NOMINAL CONFIGURATION
SUMMARY OF MARGINS FOR BEARING FLANGES
FACTORS OF SAFETY FLANGE 1 - BEARING ULTIMATE NA
ULTIMATE (for naminal configuration) 20 FLANGE 1 - BEARING YIELD
ULTIMATE {for fail safe configuration) 14 FLANGE 2 - BEARING ULTIMATE & 81
YIELD (enly for nominal configuration) 125 FLANGE 2 - BEARING YIELD B 68
JOINT SEPARATION (for nominal configurahiony 12 NOMINAL CONFIGURATION MINIMUM MOS 8.81 (ULTFL2)
JOINT SEPARATION {for fall safa configuration) 1.0
EINGIEACTOR, RS FAIL SAFE CONFIGURATION IDENTIFICATICN |
FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT FALSAFE |
BOLT & INSERT DATA FAIL SAFE 1 FAILED BOLT 1D 10001 ]
NOMINAL DIAMETER OF BOLT [In] [RE)
NUMBER GF THREADS/NCH [1/in] 32 FAIL SAFE CONFIGURATION BOLT LOADS
TOTAN(EH GHIGEIEO ST [WA] 055 MAX AXIAL - ELEMENT 1D 10041
| . LENGHTOF INSERTIin} HA MAX AXIAL - LCAD CASE ID 32
| THREADED LENGHT ] 05 MAX AXIAL - AXIAL LOAD [Ib] 81
MIN EXT DIAMETER OF INSERT [in] NA max axial - axial laad [N] 80.2
DEPTH OF RECESS FOR INSERT [in] A MAX AXIAL - SHEAR LOAD [15] 107
HE(IGHT OF NUT [in] 025 max axial - shear load [N] 492 2
MAX SHEAR - ELEMENT ID 16041
WASHER DATA MAX SHEAR - LOAD CASE ID 95
THICKNESS OF WASHER [in] NA %@1 ; : g
CUTER DIAMETER OF WASHER [im] HA L maxshear-axialload [N]
TNNER DIAMETER OF WASHER [in] ) MA:‘ :;(Hsit:r- SSF}“EE:::;A[%IDEJ ;Zﬁ g
BOLT HEAD HIAMETER [in] e MAX COMBINED - LOAD CASEJD
TMAX COMBINED - AXIAL LOAD [Ib
FLANGE DATA max combined - axial load [N] 1 SAME AS MAX SHEAR
THICK OF FLANGE 1 {in] NA MAX COMBINED - SHEAR LOAD [I5]
THICK OF FLANGE 2 [in] 0113 max combiped - shear load [N]
DIAMETER OF HOLE [in] 0.21
FAIL SAFE CONFIGURATION
BOLT MATERIAL PROPERTY BATA SUMMARY OF MARGINS FOR BOLTS
TEMP FACTOR FOR UL TIMATE STRENGHT 034 MOS CALCULATION - CONFIGURATICN 1D FLIGHT FAIL SAFE
TEMP FACTOR FOR YIELD STRENGHT 0.84 JOINT SEPARATION 35 32 (MAX AXIADY
ULTIMATE TENSILE ALLOWABLE STRESS [ksi) 160 DIRECT TENSION ULTIMATE 138 08 (MAX AXIALY
YIELD TENSILE ALLOWABLE STRESS [ksi] 110 TOTAL TENSION ULTIMATE 1,25 (MAX ARIALY
TEMP FAGTOR FOR MODULUS [E] DIRECT THREAD SHEAR ULTIMATE 165 8 (MAX AXIALY
MODULUS OF ELASTIGITY [ksi] 29100 TOTAL THREAD SHEAR ULTIMATE 1.71 (MAX AXIAD
THERMAL COEFF - HOT [1E(-8Vdeg] PR SHEAR ULTIMATE 935 (MAX EHEAR)
THERMAL COEFF - €OLD [1E({-6)/deg] 78 BENDING ULTIMATE > 10
COMBINED SHEAR, TENSION AND BENDING ULTIMATE 125 (MAX AXIAL)
INSERT MATERIAL PROPERTY DATA FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 128
TEMP FAGTOR FOR ULTIMATE STRENGHT 0,04 1
ULTIMATE TENSILE ALLOWABLE STRESS [ksi) NA 1 EAIL SAFE CONFIGURATION
SUMMARY OF MARGINS FOR BEARING FLANGES
NUT MATERIAL PROPERTY DATA FLANGE 1 - BEARING ULTIMAT| NA
TEMP FACTOR FOR ULTIMATE STRENGHT 004 FLANGE 2 - BEARING ULTIMATI | 10 1
TENSILE UL TIMATE ALLOWABLE STRESS [psl] 125000 FAIL SAFE CONFIGURATION MINIMUM MOS | >10 |
ULTIMATE AXIAL LOAD [Ib] 6470
WASHER MATERIAL PROPERTY DATA
TEMP FACTOR FOR MODULUS 1 |
MDDULLS OF ELASTICITY [kel] 20100 ]

Table 6-1: Joint 1 nominal and fail safe analyses (flight)
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FLANGE MATERIAL PROPERTY DATA

JUNCTION PROPERTIES ______
BOLT

NAS]352ND8 TEMP FACTOR_FOR MODULUS OF FLANGE H
WASHER 1 NASS20 COA TEMP FACTOR_FOR MODULUS OF FLANGE ¥
WASHER 2 NA TEMP FACTOR FOR ULTIMATE BTRENGHT OF FLANGE 2 T
NUT NA ULTIMATE SHEAR ALLOWABLE STRESS OF FLANGE 2 [psl] 27000
INSERT M521209 COB-10 MODULUS OF ELASTICITY FOR FLANGE 1 jksi] 10500
INSERY [N FLANGE 2 WMODULUS OF ELASTICITY FOR FLANGE 1 [ksi) 10500
NUMBER OF FLANGES 2 THERMAL COEFF OF FLANGE 1 - HOT [1E{-8 1215
LUBRICATED NO THERMAL COEFE OF FLANGE 1 . COLD [1E[.8}ideg) 11.5
FLANGE 1 NAME PDS WALLS | THEAMAL COEFF OF FLANGE 2 - HOT (1E{-8)/dag] 1215
FLANGE 1 MATERIAL A7075T7351 THERMAL COEFF OF FLANGE 2 - GOLD [1E{8)/deg] 115
FLANGE 1 MATERIAL SPEC AMS-00-A-250/12 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 1 5870
FLANGE 1 THICKMESS [in) 0138 YIELD BEARING ALLOWABLE BTRESS FOR FLANGE 1 [pal] 4280
FLANGE 1 HOLE DIAMETER [in] 0.18 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [pa]] 5870
FLANGE 3 NAME POS WALLS YIELD FEARING ALLOWABLE BTRESS FOR FLANGE 2 [psi] 4260
FLANGE 2 MATERIAL ATO78T7381
FLANGE I MATERIAL BPEC AME-0Q-A-25012
FLANGE 2 THICKNEBS [in] 0.248 TORQUE AND PRELOAD BATA
FLANGE 2 HOLE DIAMETER [in] 0.18 MAX TORQUE [1b [n] 200
max torque [N m3 23
MIN TORQUE [ib in] 180
min torgue [N m’ 20
MAXASIAL - SONRGLIARION oo COEFFICIENT OF UTILIZATION [%)] 83
MAX AXIAL - LOAD CASE ID 2 ECADINGIRTANEIEAGTOR o
MAX AXIAL - AXIAL LOAD [In] 142 RRECCADIUNGETRAINTY, 835
i axinl - axial load [N] i TORGUE COEFFICIENT 02
MAX AXIAL - SHEAR LOAD [ib] 619
max axial - shear load [N 2752
MAX SHEAR - CONFIGURATICN ID NOMINAL
SUMMARY OF MARGING FOR BOLTS
MAX SHEAR - ELEMENT |0 €840 MOS CALCULATION - CONFIGURATION ID NOMINAL
MAX SHEAR - 1.OAD CASE |D 20 JOINT SEPARATION 15 1 (MAX AXIAL)
MAﬂ’:ﬁi“;»:':f—t’i;::—ﬁ;“ﬁ ]'El 253 “B DIRECT TENSION ULTIMATE B0 64 (MAK ANIAL)
= 2 DIRECT TENSION YIELD 86 81 (MAX AXIAL
MAX SHEAR - SHEAR LOAD [Ib] 1624 TOTAL TENSION ULTIMATE 3 28 (MAX Axmu)
max shear - shear Joad [N] 7223 TOTAL TENSION YIELD G 57 (MAX AXIAL)
MAXM'A'X COMB?N-E %O'LT:;:‘:;'&N iD NOMINAL DIRECT THREAD SHEAR ULTIMATE 58 53 (MAX AXIAL)
MAX COMBINED - LOAD CASE [D ToTAL Ts"‘}?;:g :;?T?;;uﬁmm”e 1%{_"—_]_ m]
MAK COMBINED - AXALLOAD B SAME AS MAX SHEAR BENDING ULTIMATE > 10
ax comuines - COMBINED SHEAR, TENSION AND BENDING ULTIMATE C 921 (MAX SHEAR)
MAXCOMBALD . SHEAR LoADIN NOMINAL CONFIGURATION MINIMUM MOS D57
max combined - shear load [N] NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS [Fr]
FACTORS OF SAFETY, NOMINAL CONFIGURATION
ULTIMATE {for neminal configuration) 20 SUMMARY QF MARGINS FOR BEARING FLANGES
ULTIMATE {for fail sale configuration) 1.0 FLANGE 1 - BEARING ULTIMATE 5,38
YIELD {only for nominal configuration) 125 FLANGE 1 - BEARING YIELD £90
JOINT SEPARATION (for neminal configuration} 12 FLANGE 2 - BEARING ULTIMATE >10
JOINT SEPARATION (for fail safe configuration) 10 FLANGE 2 - BEARING YIELD =10
FITTING FACTOR 115 NOMINAL CONFIGURATION MINIMUM MOS 538 {ULTFL 1)
BOLT & INSERT DATA EAIL SAFE CONFIGURATION IDENTIFICATION
NOMINAL DIAME TER OF BOLT {in] 0164 FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT FAIL SAFE
NUMBER OF TRREADS/ANGH [1/in] 32 FAIL SAFE 1 FAILED BOLT ID 70640
TOTAL LENGHT OF BOLT [in] 05
LENGHT OF INSERT [in] 0245 FAIL SAFE CONFIGURATION BOLT LOADS
THREADED LENGHT [in] 05 MAY AXIAL - ELEMENT ID 0619
MIN EXT GIAMETER OF INSERT [in] 0205 WA AXIAL - LOAD CASE (D 5
DEPTH OF REGESS FOR INSERT [in) 002 MAX AXIAL - AWIAL LOAD [Ib] 743
HEIGHT OF NUT [in] NA max axial - axial load [N] 628
MAX AXIAL - SHEAR LOAD [1b6] 636
WASHER DATA max axizl - shear load [N] 2828
THICKNESS OF WASHER [in] 0032 MAX SHEAR - ELEMENT ID 10841
GUTER DIAMETER OF WASHER [in] 0.304 MAX SHEAR - LDAD CASE ID 79
INNER DIAMETER OF WASHER [in] 0.168 MAX SHEAR - AXIAL LOAD[Ib] 36
BOLT HEAD DIAMETER [in] 0.27 max shear - axial lead [N] 159
MAX SHEAR - SHEAR LOAD [IB] 1252
max shear - shear load EN) 5565
FLANGE DATA MAX COMBINED - LOAD CASE 1D
| THICK OF FLANGE1[in] 0.138 MAX COMBINED - AXIAL LDAD [1b]
THICK OF FLANGE 2 [in) D248 max combined - axizl load [N SAME AS MAX SHEAR
DIAMETER OF HOLE [in) 918 MAX COMBINED - SHEAR LOAD [Ib]
max cembined - shear load [N]
BOLT MATERIAL PROPERTY DATA
TEMF FACTOR FOR ULTIMATE STRENGHT 0 84 FAIL SAFE CONFIGURATION
TEMP FAGTOR FOR v\:\s{:n smﬁmcur 3 94 SUMMARY OF MARGINS FOR BOLTS
ULTIMATE TENSILE ALLOWABLE STRESS [Ksi] 80 2
YIELD TENSILE ALLOWABLE STRESS [ksi] 110 Lk ancﬂﬁq‘;’ép::fﬁgﬁ RATIGN I :g'fmiﬁﬁfﬁ
TEMP FACTOR FOR MODULUS 0:84 DIRECT TENSION ULTIMATE 122 20 (MAX AXIALY
MEDULUS OF ELASTICITY [ksi] 28100 TOTAL TENSLON ULTIMATE 128 (MAX AXIAL)
THERMAL COEFF - HOT [TE(-§)/deq] 9.1 DIRECT THREAD SHEAR ULTIMATE 115 18 {MAX AXIAL)
THERMAL COEFF - COLD [1E(-6¥deq] 78 TOTAL THREAD SHEAR ULTIMATE 1.21 (MAX AXIALY
SHEAR ULTIMATE 55 (MAX SHEAR)
INSERT MATERIAL PROPERTY DATA BENDING ULTIMATE > 10
TENP FAGTOR FOR Ul TIMATE STRENGHT o4 ] COMBINED SHEAR, TENSION AND BENDING ULTIMATE 1.26 (MAX SHEAR)
ULTIMATE TENSILE ALLOWABLE STRESS [ksi] 150 ] FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 121
NUT MATERIAL PROPERTY DATA FAIL SAFE CONFIGURATION
TEMP FACTOR FOR ULTIMATE STRENGHT NA SUMMARY OF MARGINS FOR BEARING FLANGES
TENSILE ULTIMATE ALLOWABLE STRESS [psi] NA FLANGE 1 - BEARING ULTIMATE ~10
ULTIMATE AXIAL LOAD [Ib] NA FLANGE 2 - BEARING ULTIMATE >10
. - FAIL SAFE CONFIGURATION MINIMUM MOS >10 |
WASHER MATERIAL PROPERTY DATA
TEMP FACTOR FOR MODULUS 1 ]
MODULUS OF ELASTICITY [ksi] 20100 ]

Table 6-2: Joint 2 nominal and fail safe analyses (flight)
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__JUNCTION PROPERTIES FLANGE MATERIAL PROPERTY DATA _
BOLT M524871 TEMP FACTOR_FOR MODULUS OF FLANGE 1 084
WASHER 1 HA TEMP FACTOR FOR MODULUS OF FLANGE 2 084
WASHER 2 HA TEMF FACTOR FOR ULTIMATE STRENGHT OF FLANGE 2 0.04
NUT HA ULTIMATE SHEAR AL OWABLE STRESS OF FLANGE 2 [pai] 27000
INSERT M521200 CO8-10 MODULUS OF ELASTICITY FOR FLANGE 1 {ksi] 10500
INSERT IN FLANGE 2 MODULLIS OF ELASTICITY FOR FLANGE 2 ksl 10500
NUMBER OF FLANGES 2 THERMAL COEFF OF FLANGE 1 . HOT [E[-8)fdeg] 1215
LUBRICATED NO THERMAL COEFF OF FLANGE 1 - COLD [1E{-$jdeg] 15
FLANGE 1 NAME PDS WALLS THERMAL COEFF OF FLANGE 2 - HOT [1E(-8)/dag] 12 18
FLANGE 1 MATERIAL AFOTETT351 THERMAL COEFF OF FLANGE 2 - COLD [1E{-8}/ds 15
FLANGE 1 MATERIAL SPEC AME-QC-A-250/12 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 1 [pa]] 55870
FLANGE 1 THICKNESS [in] [RE"] YIELD BEARING ALLOWABLE STRESS FOR FLANGE 1 [pal] 74260
| . FLANGE1HOLE DIAMETER [in] D.18 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [psi] 65870
FLANGE 2 NAME PDS WALLS YIELD BEARING ALLOWABLE STRESS FOR FLANGE 2 [pal) 74260
FLANGE 2 MATERIAL ATOTETTAST —
FLANGE 2 MATERIAL BPEC AME-O0-A-2502
FLANGE 2 THICKNESS [in] 0248 TORQUE AND PRELO{-\D DATA
FLANGE 2 HOLE DIAMETER {in] 018 MAX TORQUE [th in] 10
max torgue [N m] 1.2
MAX AXIAL .I?:%‘:Elgunnmu D NOWINAL M'l‘:‘::zm“lf”l:“ 1325
WA AXIAL - ELEMENT 1D 10055 COEFFICIENT OF UTILIZATION [%] 66
TAX ARIAL . LOAD CASE ID 32 LCADING PLANE FACTOR 05
MAX AXIAL - AXIAL L CAD [Ib] 93 PRELOAD UNCETRAINTY 035
max axial - axial load [N] 413 TCRQUE COEFFICIENT 02
MAX AXIAL - SHEAR LOAD [Ib] a7
max axial - shear load [N] 305.2
WAX SHEAR - CONFIGURATION I3 NOMINAL F MARGIN R BOLTS =]
MAX SHEAR - ELEMENT 1D 1005 MOS CALCULATION - CONFIGURATION ID NOMINAL
MAX SHEAR - LOAD GASE ID 95 JOINT SEPARATION 10 39 (MAX AXIAL)
MAX SHEAR - AXIAL LOAD [fb] 54 DIRECT TENSION ULTIMATE 48 25 (MAX AXIALY
max shear - axial load [N 282 DIRECT TENSION YIELD 561 (MAX AXIALY
MAX SHEAR - SHEAR LOAD [th] 86 7 TOTAL TENSION ULTIMATE 7 01 {MAX AXIAL}
max shear - shear load [N] 354 TOTAL TENSION YIELD 0 508 (MAX AXIAL)
MAX COMBINED - GONFIGURATICN ID NOMINAL DIRECT THREAD SHEAR ULTIMATE 89.99 (MAX AXIAL)
MAX COMBINED - ELEMENT 1D TOTAL THREAD SREAR ULTIMATE 271 (MAX AXIALY
MAX COMBINED - LOAD CASE [0 SHEAR ULTIMATE 171 (MAX SHEAR]
MAX COMBINED - AXIAL LOAD [Ib) BENDING ULTIMATE PT
iy ined - axial [oad pu]u B CCMBINED SHEAR, TENSION AND BENDING ULTIMATE 0 729 {MAX SHEAR)
MAX COMEINED - SHEAR LOAD [Ih] NOMINAL CONFIGURATION MINIMUM MOS I 0.51
max Goembined - shear Joad [N NOMINAL CONFISURATION MINIMUM ULTIMATE MOS | 0.73
NOMINAL CONFIGURATION
FACTORS OF SAFETY SUMMARY OF MARGINS FOR BEARING FLANGES
ULTIMATE ifor nominal configurationy 20 FLANGE 1 - BEARNG ULTIMATE =10
ULTIMATE [for fail safe configuration} 10 FLANGE 1. BEARING YIELD 10
YIELD {only for nominal configuration) 125 FLANGE 2 - BEARING ULTIMATE =10
JOINT SEPARATICN (for nominal configuration} 12 FLANGE 2 - BEARING YIELD T
JOINT SEPARATION {for fail safe configuration) 10
FITTING FACTOR 115 NOMINAL CONFIGURATION MINIMUM MOS >10
FAIL SAFE CONFIGURATION IDENTIFICATION
BOLT & INSERTDATA FAIL SAFE FAILED BOLT CONFIGURATION FLIGHT FAIL SAFE ]
NOMINAL DIAMETER OF BOLT [in] 0,164 FAIL SAFE 1 FAILED BOLT ID 1005
NUMBER OF THREADS/INCH [1fin] 32
TOTAL LENGHT OF BOLT [in] 05
LENGHT OF INSERT [in] 0.246 FAIlL, SAFE CONFIGURATICN BOLT LOADS
THREADED LENGHT [in] 05 MAX AXIAL - ELEMENT ID 10055
Wil EXT DIAMETER OF SNSERT [in] 0305 MAX AXIAL - LOAD GASE D 32
DEPTH DF RECESS FOR INSERT [in] 002 MAX AXIAL - AKIAL LOAD [Ib] 34
HEIGHT OF NUT [in] NA max axial - axial load [N] 414
MAX AXIAL - SHEAR LOAD [1b] 709
WESHER DATA R —
THICKNESS OF WASHER fin] NA TAAX SHEAR - LOAD CASE 1D B
OUTER DIAMETER DF WASHER [in] N WAX SHEAR - AXIAL LOAD 6] o
TNNER DIAMETER OF WASHER [in] NA —-——'m Shear - axiat load [N] T
ROLT HEAD DIAMETER [in] 0359 TAAX SHEAR - SHEAR LGAD [ib] 1655
max shear - shear load [N] 4692
FLANGE DATA MAX COMBINED - LOAD CASE ID
THICK OF FLANGE 1 [in 0138 MAX COMBINED - AXIAL LOAD [1h]
THICK OF FLANGE 2 [in] 0.246 max combinad - axial iead [N] BAME AS MAX SHEAR
DIAMETER OF HOLE [in] J16 MAX COMBINED - SHEAR LOAD [Th)
max combined - shear load [N]
BOLT MATERIAL PROPERTY DATA
TEMP FACTOR FOR ULTIMATE STRENGHT 354 FAIL SAFE CONFIGURATION
TEWP FACTOR FOR YIELD STRENGHT 064 SUMMARY OF MARGINS FOR BOLTS
ULTIMATE TENSILE ALILOWABLE STRESS [ns(] 80 MO8 CALCULATION - CONFIGURATION ID FLIGHT FAIL BAFE
YIELD TENSILE ALLOWASLE STRESS [Ksi] 60 JOINT SEPARATION 12 53 (MAX AXIAL)
TEMP FACTOR FOR MODULUS 094 DIRECT TENSION ULTIMATE 6 45 (MAX AXIAL)
MODULUS OF ELASTICITY [ksi] 78100 TOTAL TENSION ULTIMATE 4.0 (MAX AXIAL)
THERMAL COEFF - HOT [1F{-6)/deg] 9.1 DIRECT THREAD SHEAR ULTIMATE 17805 (MAX AXIAL)
THERMAL COEFF - COLD [JE(-6)ideg] 78 TOTAL THREAD SHEAR ULTIMATE 2 72 (MAK AXEALY
SHEAR ULTIMATE 3 45 (MAK SHEAR)
BENDING ULTIMATE =10
I?gﬁ? ;yQLE,ﬂQELﬁm':E?HEﬁQE‘ =T 1 COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0 53 MAX SHEAR)
TILTIMATE TENSILE ALLOWABLE STRESS [ksi] 130 | FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 083
NUT MATERIAL PROPERTY DATA FAIL SAFE GONFIGURATION
TEMP FACTOR FOR ULTIMATE STRENGHT NA SUMMARY OF MARGINS FOR BEARING FLANGES
TENSILE ULTIMATE ALLOWABLE STRESS [psi] NA FLANGE 1 - BEARING ULTIMATE 10
ULTIMATE AXIAL LOAD [ib] NA FLANGE 2 - BEARING ULTIMATE >0
FAIL SAFE CONFIGURATION MINIMUM MGS =10 ]
WASHER MATERIAL PROPERTY DATA
TEMP FACTOR FOR MODULUS 1 ]
MODULUS OF ELASTICITY [kni) 20100 |

Table 6-3: Joint 3 nominal and fail safe analyses (flight)
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5 _JUNCTION PROPERTIES - _ FLANGE MATERIAL PROPERTY DATA
BOLT NAS1351NY TEMP FACTOR FOR MOD\LUS OF FLANGE 1 .54
WASHER 1 NAS820 Ci0 TEMP FACTOR FOR MODULUS OF FLANGE 2 0.94
WASHER 2 NA TEMP FACTOR FOR ULTIMATE BTRENGHT OF FLANGE 2 0o4
NUT NA ULTIMATE SHEAR ALLOWABLE STRESS OF FLANGE 2 [pei] 27000
INSERT MS521208 F1-10 MODULUS OF ELASTICITY FOR FLANGE 1 [kl 10500
INBERT IN FLANGE 2 MODULUS OF ELASTICITY FOR FLANGE 2 [kal] 10500
NUMBER OF FLANGES 2 THERMAL COEFF OF FLANGE 1 - HOT [1E(-6}/dag] 1215
LUBRICATED NO THERMAL COEFF OF FLANGE 1 - COLD [1E[-4Vdsg] 18
FLANGE 1 NAME PRS WALLS THERMAL COEFF OF FLANGE 3 - HOT [{E{-i}ideg] 1215
FLANGE 1 MATERIAL AIT075T7351 THERMAL COEFF OF FLANGE 2 - COLD {1E{-dY¥dwg] 118
FLANGE 1 MATERIAL SPEC AMS-00-A-25012 (— ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 1 fpsi] 55870
FLANGE 1 THICKNESS {in] 0.118 YIELD BEARING ALLOWAEBLE STRESS FOR FLANGE 1 [pai] 74280
FLANGE 1 HOLE DIAMETER [in) 0.21 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 2 [pal es870
FLANGE 2 NAME PDS WALLS YIELD BEARING ALLOWABLE STRESS FOR FLANGE 2 [paf] 74280
FLANGE 2 MATERIAL ARO7ET7351 PE——
FLANGE 3 MATERIAL SPEC AMS-C0-A-25012
FLANGE 1 TWICKNESS ] s R T e
FLANGE 2 Pw Lt max jorgue [N m] 36
MIN TORQUE [ib In] 30.0
LOADS min torque (N m] 3.4
MAX AXIAL - CONFIGURATION ID NOMINAL COEFFICIENT OF UTILIZATION [%] 60
MAX AXIAL - ELEMENT ID 11880 LOADING PLANE FAGTOR [
WMAX AXIAL « LOAD CASE ID 32 PRELCAD UNCETRAINTY 0.35
MAX AXIAL - AXJIAL LOAD [Ib] 835 TORGUE COEFFICIENT 0.2
max axial - axial load [N] 2823
MAX AXIAL - SHEAR LOAD [fb] 656
max axial - shear load [N] 2961
MAX SHEAR - CONFIGURATICN 1D NOMINAL SUMMARY OF MARQle-WIH—'
MAX SHEAR - ELEMENT [D 11460 MOS CALGULATION - CONFEGURATION 1D NCOMINAL
MAX SHEAR - LOAD CASE ID 95 JOINT SEPARATION 442 (MAX FXIAL
MAX SHEAR - AXIAL LOAD [1b] 06 DIRECT TENSION ULTIMATE 13 82 [MAX AXIAL]
max shear - axial load [N] 24 DIRECT TENSION YIELD 20 8 (MAX AXIAL)
MAX SHEAR - SHEAR LOAD [Ib] 1052 TOTAL TENSIGH ULTIMATE T35 (MAX AXIAL)
max shear - shear load [N] 4810 TGTAL TENSIGN TIELD 053 (MAX AXIAL)
MAX COMBINED - CONFIGURATICN 1D NOMINAL DIRECT THREAD SHEAR UL.TIMATE 10 23 (MAX AXIAL)
MAX CCMBINED - ELEMENT 1D TOTAL THREAD SHEAR ULTIMATE 033 [MAX AXIAL)
MAX COMBINED - LOAD CASE I SHEAR ULTIMATE 5.36 (MAX SHEAR)
MAX COMBINED - AXIAL LGAD [Ib] BENDING ULTIMATE =10
max combined - axizl fead [N EAMEZSE UL ANUL COMBINED SHEAR, TENSION AND BENDING ULTIMATE, 7,330 [WAX SHEAR)
WMAX COMBINED - SHEAR LOAD [Ib] NOMINAL CONFIGURATION MINIMUM MOS | 03
max combined - shear [oad [N] NOMINAL CONFIGURATION MINIMUM ULTIMATE MOS | 433
NOMINAL CONFIGURATION
o O A o = SUMMARY OF MARGINS FOR BEARING FLANGES
ULTIMATE {for fail safe configuration} 10 FLANGE 1 - BEARING LI TIMATE 855
YIELD {anly for naminal cenfiguration) 1.25 FLANGE 1 - BEARING YIELD 10
- FLANGE 2 - BEARING ULTIMATE 10
JOINT SEPARATICN (for nominal configuration) 12
JGINT SEPARATION (for fall safe configuration) 1.0 FLANGEIZEBEARINGIVIELD 210
ETTNGEAICESS 115 NOMINAL CONFIGURATION MINIMUM MOS 3,65 (ULT-FL 1)
R R S E BT e T T e oAz ]
Tt e T s TAIL SAFE 1 FALED BOLTID 17886
TOTAL LENGHT OF BOLT [in] 05
LENGHT OF INSERT [in] 018 FAIL SAFE CONFIGURATION BOLT LOADS
THREADED LENGHT [in] 0.5 MAX AXIAL - ELEMENT 1D 11683
MIN EXT DIAMETER OF INSERT fin] 0235 MAX AXIAL - LOAD CASE ID []
DEPTH OF REGESS FOR INSERT [in] 0.02 MAX:‘“‘_LI- Aﬁ’:_“%%]m 24185-’1
- mi axial - 1dl loas
HEIGHT OF T [in] b2 MAX AXIAL - SHEAR LOAD [Ib] 502
max axial - stiear load [N 2230
WASHER DATA MAX SHEAR - ELEMENT |10 11460
THICKNESS OF WASHER [in] 0.063 WAX SHEAR - LOAD CASEID o5
OUTER DIAMETER OF WASHER [in] 0354 MAX SHEAR - AXIAL LOAD [ib) 7
INNER DIAMETER OF WASHER [in] 0195 max shoar - axial load [N] 5
BCLT HEAD PIAMETER [in] 03123 MAX SHEAR - SHEAR LOAD [Ib] 1079
max shaar » shear Joad [N] 479 6
MAX COMBINED - LGAD CASE 1D 20
THlikﬁr:EEARgg?[in] [RED MAX COMBINED - AXIAL LOAD [Ib] 427
THICK OF FLANGE 2 [in] 018 I max combined - axial load IN) _ 8o
; MAX COMBINED - SHEAR LOAD [15] 1007
BIAMETERIGEHOLE [in] i maox cembined - shear load [N] 44T 7
BOLT MATERIAL PROPERTY DATA FAIL SAFE CONFIGURATION
TEMP FACTOR FOR ULTIMATE STRENGHT 0 64
OO LA TOrLrOR EL D STaENahT SUMMARY OF MARGINS FOR BOLTS
FLTIMATE TENSILE ALLOWABLE STRESS [ksi] 160 OINTSERRRATION 752 (MAR AKIAL
¥IELD TENSILE ALLCWABLE STRESS [ksi] 110 DIREGT TENSION ULTIRATE %0 97 (MAX AXIAL]
TEMP FACTOR FOR MODULUS Dib4 TOTAL TENSION ULHIMATE 138 (MAX AXIAL)
MODLBUSIGEIEASTICITV[kaI] 29100 DIRECT THREAD SHEAR ULTIMATE 28,39 (MAX AXIAL)
THERMAL COEFF - HOT [1£(-6)/deq] 9.1 [ VOTAL THREAD GHEAR ULTIMATE 0 35 (WAK ARIAL
THERMAL GOEFF - COLD [1E[-6)/deg] 78 SHEAR ULTINATE 11.75 (MAX SHEAR}
BENDING ULTIMATE > 10
INSERT MATERIAL PROPERTY DATA COMBINED SHEAR, TENS{ON AND BENDING ULTIMATE 138 (MAX COMB)
TEMP FACTOR FOR ULTIMATE STRENGHT 084 | FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 0.35
ULTIMATE TENSILE ALLOWABLE STRESS [ksi] 150 |
FAIL SAFE CONFIGURATION
NUT MATERIAL PROPERTY DATA SUMMARY OF MARGINS FOR BEARING FLANGES
TEMP FACTOR FOR ULTIMATE STRENGHT NA FLANGE 1 - BEARING UL [IMATE =10
TENSILE UL TIMATE ALLOWABLE STRESS [ps1) NA FLANGE 2 - BEARING ULTIMATE =10
ULTIMATE AXIAL LOAD [Ib] NA FAIL SAFE CONFIGURATION MINIMUM MOS 10
WASHER MATERIAL PROPERTY DATA —
TEMP FACTOR FOR MODULUG 1 |
MODULUS OF ELASTICITY [kal) 29100 |

Table 6-4: Joint 4 nominal and fail safe analyses (flight)
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JUNCTION PROPERTIES FLANGE MATERIAL PROPERTY DATA
BOLT NAG1351N3 TEMP FACTOR FOR MODULUS OF FLANGE 1 064
WABHER { NASE20C10 TEMP FACTOR _FOR MODULUS OF FLANGE 2 054
WASHER 2 NA TEMP FACTOR FOR ULTIMATE STRENGHT OF FLANGE 2 054
NUT NA ULTIMATE SHEAR Al L OWABLE STREBSS OF FLANGE 1 [par] 27000
INSERT M521208 F1.10 MODULUS OF ELASTICITY FOR FLANGE 1 [kal] 0500
[NSERT IN FLANGE 2 MODULUS OF ELASTICITY FOR FLANGE 2 [kai] 0500
NUMBER OF FLANGES 2 THERMAL COEFF OF FLANGE 1 - HOT [1E(-8)/deg] 1215
LUBRICATED NO THERMAL COEFF OF FLANGE 1 - COLD [1E[-8)ideg] 116
FLANGE 1 NAME PDS WALLS THERMAL COEFF OF FLANGE 2 - HOT [1E{8)/dug) 1215
FLANGE § MATERIAL _ AIT075TT351 THERMAL COEFF OF FLANGE 2 . COLD [1E{-8)idag) 115
FLANGE 1 MATERIAL SPEC AMS.QG-A-250/12 ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 1 [ps] 85370
L FLANGE 1 THICKNEJS [in] 0.197 YIELD BEARING ALLOWABLE STRESS FOR FLANGE 1 [psi] 74780
e FLANGE1HOLE DIAMETER [in] 0.21 ULTIMATE BEARING ALLOWARI E STRESS FOR FLANGE 2 [pal] 55470
FLANGE 2 NAME PDS WALLS YIELD BEARING ALLOWABLE STRESS FOR FLANGE 2 [pal] 74780
FLANGE 2 MATERIAL ATDTSTI35
FLANGE z MATERIAL BPEC AMB-00-A-25012
il L T TORQUE AND PRELOAD DATA
FLANGE 2 HOLE DIAMETER [in] 021 MAX TORQUE [ib in] 370
max torgue [N m} 3.6
MIN TORQUE [Ib in} 300
MAX AXIAL .IT:%:lElsumnom [} TOMINAL min torgue [N m] 24
COEFFICIENT OF UTILIZATION [%] &1
WAX AXIAL - ELEMENT 1D 6685212 O ADINGIRIANER AGTOR o
MAX AXIAL - LOAD CASE (DY 12 PRECADUNCETRAINTY o
MAX ARIAL - AKIAL LOAD [1b] B4 1
max axial - axial load [N] 2847 TORAQUE COEFFICIENT 02
WAK AXIAL - SHEAR LOAD [IE] 60 1
max axial - shear load [N] 267.2
WMAX SHEAR - CONFIGURATION (D TOMINAL SUMMARY OF MARGINS FOR BOLTS
VAL SHEAS - ELEMENT ID T 105 CALCULATION - CONFIGURATION (D NCHINAL
MAX SHEAR - LOAD_CASE 1D a5 JOINT SEPARATION 5 33 |MAX AXIAL)
WAX SHEAR - RKIAL LOAD [ib] =70 DIRECT TENSION ULTIMATE 8 64 (WAX AXIAL)
max shear - axial load [N] 25:; 7 mrillz.cTTELi:u:rl.lolTL?l"Iliigs 206 (MAX AXIAL)
: 1o 136 {MAX AXIAL
MAX SHFAR - SHEAR LOAD [ib] 25810 TOTAL TENSION YIELD 1 E32‘fMAX AXlAL])
max shear - sheat load [N hilif DIRECT THREAD SHEAR ULTIMATE 70 12 (MAX AXIAL)
MAX COMBINED - CONFIGURATION ID NOMINAL TOTAL THREAD SHEAR ULTIMATE 0 34 (MAX AXIAL)
MAX COMBINED - ELEMENT ID SHEAR ULTIMATE 65 (MAX SHEAR]
MAX,_COMBINED - LOAD CASE 1D BENDING UL TIMATE S0
MAX GOMBINED - AXIAL LOAD [Ib] SAME AS MAX SHEAR COMBINED SHEAR, TENSION AND BENDING ULTIMATE 089 (MAX SFEAR
max combined - axial [ead [N] INAL INIMUM 032
MAX COMEINED - SHEAR LOAD [16] NOMINAL CONFIGURATION MINIMUM UL TIMATE MOS CET)
max combined - shear load [N]
NOMINAL CONFIGURATION
FACTORS CESHEET? SUMARY OF HARGHS FOR BEANING FLANGES :
ULTIMATE [for neminal ¢anfiguration) 20 FLANGE-LBEARING SIEID 72?
ULTIMATE (for fail safe configuration) 10 FLANGE 2 - BEARING ULTIMATE 508
¥IEL D {only for nominal cenfiguralion} 125 FLANGE 2 - BEARING YIELD 654
JOINT SEPARATION (for naminal configuration) 12
[ JoINTSEPARATION (for fail sale configuration) 10 NOMINAL CONFIGURATION MINIMULI MOS 508 ULTFLZ)
FITTING PACTOR L FAIL SAFE CONFIGURATION IDEN TIFICATION
FAIL SAFE FAILED AGLY CONFIGURATION FLGHT FAIL SAFE.
BOLT & INSERT DATA FAIL SAFE 1 FAILED BOLT ID £E85212
NOMINAL CIAMETER OF BOLY [in] 099
NUMBER OF THREADS/INGH [1/ix] 32 FAIL SAFE CONFIGURATION BOLT LOADS
| AT O TANEEN GO FIB GIETilii] 0.5 TAAK AXIAL - ELEMENT 1D G55 107
LENGHT OF INSERT [in} 0.18 AL ARAL “TOAD CASETD =
THREADED LENGHT [in] 9.5 MAX AXIAL - ANIAL LDAD [15] 583
MIN EXT DIAMETER OF INSERT [in} 0238 max axkal - axial load [N 2592
GEPTH OF RECESS FOR INSERT Jin o002 MAX AXIAL - SHEAR LOAD [Ib] 2112
HEIGHT OF NUT fin] NA max axfal - shear load [N] 939 1
MAX SHEAR - ELEMENT 10 GeB5211
MAX SHEAR - | OAD CASE ID 42
Tulcx‘:g:‘gfw[’nz:élz T 0083 MAX SHEAR - AKIAL LOAD [ib] e
DUTER DIAMETER OF WA_s'ﬁEILR][ml 035 I maxshear-axial load [N] 322
JNRER DIAMETER OF WASHER [in] 0195 ”A:‘ :‘"51-‘::; i’:::‘;%@l 1215&(?1 zD
BOLT HEAD DIAMETER [in] 0312 N COMEINED IO ADIGASEND =
MAX COMBINED - AXIAL LOAD [ib] 573
FLANGE DATA | _maxcombined-axialload[N] 2549
THICK OF FLANGE 1 [in] 7157 MAX COMBINED - SKEAR LOAD [ib] 2504
THIGK OF FLANGE 2 [in] T8 inax combined - shear load (N] 1154
_"""——_LmAMETER OF HOLE [in] o2 MAX COMBINED - ELEMENT ID 5685198
FAIL SAFE CONFIGURATICON
BOLT MATERIAL PROPERTY DATA SUMMARY OF MARGINS FOR BOLTS
TEMP FACTOR FOR UL TIMATE STRENGHT G 6a ] CALC‘L'J-I“N:‘T'%':;:;’:TFS#“”'°N D ?g*(‘;;;':z;if
TEMP FACTOR FOR YIELD STRENGHT (BEE) DIRECT TENSION ULTIMATE 42 18 (MAX AXIAL)
ULTIMATE TENSILE ALLOWABLE STRESS [ksi] 180 TOTARTENSIONIDNTIMATE A8 A0R
YIELD TENSILE ALLOWABLE STRESS [ksi] ikl DIRECT THREAD SHEAR ULTIMATE 23 45 (MAX AXIAL}
TEMP FACTOR FOR MODULUS Q.64 TOTAL THREAD SHEAR ULTIMATE 055 (MAX AXIAL}
MODULUS OF ELASTIGITY [ksi] 28100 SHEAR LULTIMATE 317 (A SHEAR)
THERMAL COEFF + HOT [1E[-6)/deg] 9.1 BENDING ULTIMATE > 10
THERMAL COEFF - COLD {1E(-6)/deg] 78 COMBINED SHEAR. TENSIGN AND BENDING ULYIMATE 128 [COMBINED
FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS D 35
INSERT MATERIAL PROPERTY DATA
TEMP FAGTOR FOR ULTIMATE STRENGHT 064 FAIL SAFE CONFIGURATION
ULTIMATE TENSILE ALLOWABLE STRESS [ksi] 150 SUMMARY OF MARGINS FOR BEARING FLANGES
FLANGE 1 - BEARING ULTIMATE 210
NUT MATERIAL PROPERTY DATA ELANGE 2 . BEARING ULTIMATE 10
TEMP FACTOR FOR ULTIMATE STRENGHT NA EAIL SAFE CONFIGURATION MINIMUM MQS =10
TENSILE ULTIMATE ALLOWABLE STRESS [pei] NA
ULTIMATE AXIAL LOAD [Ib] NA
~_____WASHER MATERIAL PROPERTY DATA
TEMP FACTOR FOR MODULUS 1
MODULUS OF ELASTICITY [ksi) 29100

Table 6-5: Joint 5 nominal and fail safe analyses (fight)
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__JUNCTION PROPERTIES ‘ IA
BOLT DIN B85 A M2 5 MAX TORQUE [Ib In] 2,600
T A MIN TORGUE [Ib In] 2400
NUT NA min lergus [N m) 0271
COEFFIGIENT OF UTILIZATION [%] B3 470
INSERT TBD LOADING PLANE FACTOR [
INSERT IN FLANGE F PRELOAD UNGETRAINTY 0.35
NUMBER OF FLANGES 2 TORQUE COEFFICIENT 020
LUBRICATED NO Fiieeare=
FLANGE 1 NAME Coverz ey o = ]
FLANGE 1 MATERIAL Murmetall MAX AXIAL - CONFIGURATION 1D NOMINAL
FLANGE 1 MATERIAL SPEC TED MAX AMIAL - ELEMENT ID 133682084
FLANGE 1 THICKNESS [in] 0039 MAX AXIAL . LOAD GASE [D 24
FLANGE 1 HOLE DIAMETER [in] 0.102 Wm
FLANGE 2 NAME Boarda B
FLANGE 2 MATERIAL AL 7075 17352 ""‘: ml *’;‘:ﬁ:‘m‘:‘lﬂl— 28
im%ii%g&sgﬁ? J ?:; WAX SHEAR - CONFIGURATION 1D NOMINAL
MAX SHEAR - AXIAL LOAD [1b] 10
FACTORS OF SAFETY mux shear - axlal load [N] 44
ULTIMATE (for nemninal cenfiguration) 20 MAX SHEAR - SHEAR L OAD [b] 40
ULTIMATE (for fail safe configuraticn) 10 max shaar - shear load [N} 177
YIELD {only for nominal configuration) 13 MAX COMBINED - CONFIQURATION ID NOMINAL
JOINT SEPARATION (for nominal configuration) 12 MAX COMBINED - ELEMENT ID
JOINT SEPARATION {for fail safe configuration) 10 #&x:g:;::‘gﬁ -‘lfl:ff:g l:::'
FITTING FAGTOR 12 P et fb] SAME AS MAX AXIAL
TEMPERATURE DATA | o MAXCOMBINED-SHEARLOADfb] |
ASSEMBLY TEMPERATURE [*F] ) max combined - shear load
MAX TEMPERATURE [°F] 122 5OLTS
MIN TEMPERATURE ["F) 32 MOS CALCULATION - CONFEGURATION 1D NOMINAL
JOINT SEPARATION 53 08 (MAX AXIAL
BOLT & INSERT DATA DIRECT TENSION ULTIMATE B7 73 (MAX AXIAL)
NOMINAL DIAMETER OF BOLT [in] 0098 DIRECT TENSION YIELD 112 67 (MAX AXIAL)
NUMBER OF THREADS/ANCH [1/in] 48 TOTAL TENSION ULTIMATE 037 (MAX AXIAL)
TOTAL LENGHT OF BOLT [in] 0157 TOTAL TENSION YIELD 0084 {MAX AXIAL)
LENGHT OF INSERT [in] 0,189 DIRECT THREAD SHEAR UL TIMATE 172 53 [MAX AXIAL)
THREADED LENGHT [in] 0157 TOTAL THREAD SHEAR ULTIMATE 167 (MAX AXIALY
WIN EXT DIAMETER OF INSERT [in] 0 185 SHEAR ULTIMATE 13 46 {MAX SHEAR)
DEPTH OF RECESS FOR INSERT [in] 0 BENOING ULTIMATE > 10
HEIGHT OF NUT [in] T COMBINED SHEAR, TENSION AND BENDING ULTIMATE 0 366 [MAX AXIAL)
NOMINAL CONFIGURATION MINIMUM MQS 0094
WASHER DATA NOMINAL CONFIGURATICN MINIMUM ULTIMATE MOS 0.366
THICKNESS OF WASHER [in] NA
GUTER DIAMETER OF WASHER [in] NA NOMINAL CONFIGURATION
INNER DIAMETER OF WASHER [in] NA SUMMARY SI.FAE{?ER‘IGIEESAI’:I?JR BErARiNG FLANGES
= - G ULTIMATE 4972
BOLT HEAD DIAMETER [in] 0 185 FLANGE 1 - BEARING YIELD 8.5
FLANGE 2 - BEARING ULTIMATE, >10
FLANGE DATA
T T Tl T FLANGE 2 - BEARING YIELD =10
THICK GF FLANGE 2 [in] 0787 NOMINAL CONFIGURATION MINIMUM MOS 497 (ULT-FL 2)
1
LIAHEEACF HOLE bn] _— FAIL SAFE CONFIGURATION IDENTIFIGATION
BOLT MATERIAC PROPERTY DATA FAIL SAFE FAILED BOLT GONFIGURATION FLIGHT FALSAFE )
TEMP FACTOR FOR ULTIMATE STRENGHT .54 FAIL SAFE 1 FAILED BOLT ID 13362684 1
TEMP FACTOR FOR YIELD STRENGHT. 0.94
ULTIMATE TENSILE ALLOWABLE STRESS [ksi] 58,02 FAIL SAFE CONFIGURATION BOLT LOADS
¥IELD TENSILE ALLOWABLE STRESS [ksi] 4541 M’j‘:‘;"&l":‘- LS%MCEA“STEIFD 133?‘2'050
TEMP FAGTOR FOR MODULUS 084 MAX AXIAL - AXIAL LOAD [E] i
MODULUS OF ELASTICITY (ksi] 30457 02 i axial - awial foad [7] e
THERMAL COEFF - HOT [1E{-6)/degF] FRI —[MAX AXIAL - SHEAR LOAS {ib] o
THERMAL COEFF - COLD [1E(-6)/degF] 780 max axial - shear load [ 99
MAX SHEAR - ELEMENT ID 13382881
INSERT MATERIAL PROPERTY DATA MAX SHEAR - LOAD CASE iD 20
TEMP FACTOR FQR ULTIMATE STRENGHT 004 MAX SHEAR - AXIAL LOAD [Ib] 5
ULTIMATE TENSILE ALLOWABLE STRESS [ksi] 657.939 ]Il maxshear- axial load [N] A
MAX SHEAR - SHEAR LOAD [ib] 5
NUT MATERIAL PROPERTY DATA maglshearslahearlaad 21
TEMP FACTOR FOR ULTIMATE STRENGHT NA S 0D CASE Eg] 42
TENSILE ULTIMATE ALLOWABLE STRESS [psi] NA ax combined - axial load IN) =
ULTIMATE AXIAL LOAD [Ib] NA MAX COMBINED - SHEAR LOAD [Ib] 27
max ¢ombined - shear load [N] 116
WASHER MATERIAL PROPERTY DATA MAX COMBINED - ELEMENT 1D 13384060
TEMRIEACTORIZERIMODLTL S NA ] FAIL SAFE CONFIGURATION
L MODULUS OF ELASTICIY fiel] A J SUMMARY OF MARGINS FOR BOLTS
MOS CALCULATION . GONFIGURATION ID [ FLIGHI FAIL SAFE ]
FLANGE MATERIAL PROFPERTY DATA JOINT SEPARATION 311 {MAX AXIAL)
TEMP FACTOR _FGR MODULUS OF FLANGE 1 1 DIRECT TENSION ULTIMATE, 176 46 (MAX AXIAL)
TEMP FACTOR_FOR MODULUS OF FLANGE 2 1 TOTAL TENSION ULTIMATE 0 37 (MAX AXIAL)
TEMP FACTCR FOR ULTIMATE STRENGHT OF FLANGE 2 0.94 DIRECT THREAD SHEAR ULTIMATE 348,18 (MAX AXIAL)
ULTIMATE SHEAR ALLOWABLE STRESS OF FLANGE 2 [psi] 4079970 TOTAL THREAD SHEAR ULTIMATE 1 68 {MAX AXIAL)
MODULUS OF ELASTICITY FOR FLANGE 1 [ksi] 24656.42 SHEAR ULTIMATE 16.52 (MAX SHEAR) _|
MODULUS OF ELASTICITY FOR FLANGE 2 [ksi] 10300 BENDING ULTIVATE > 10
THERMAL COEFF OF FLANGE 1 - HOT [1EL6)/degF] =0 COMBINED SHEAR, TENSIGN AND BENDING ULTIMATE 0 37 (MAX AXIALY
THERMAL COEFF OF FLANGE 1 - COLD [1F[-6)/dagF] 750 FAIL SAFE CONFIGURATION MINIMUM ULTIMATE MOS 0370
THERMAL COEFF QF FLANGE 2 - HOT [1E(-6)/idegF] 1715
THERMAL COEFF OF FLANGE 2 - COLD [1E(-6)degF] 11.50 FAIL SAFE CONFIGURATION
ULTIMATE BEARING ALLOWABLE STRESS FOR FLANGE 1 [psi] 13634 SUMMARY OF MARGINS FOR BEARING ELANGES
YIELD BEARING ALLOWABLE STRESS FOR FLANGE 1 [psi] 13634 FLANGE 1 - BEARING ULTIMATE 10
ULTIMATE BEARING ALLLOWABLE STRESS FOR FLANGE 2 Ipsi] 95870 FLANGE 2 - BEARING ULTIMATE >10
YIELD BEARING ALLOWABLE STRESS FOR FLANGE 2 [psi] 74260 FAIL SAFE CONFIGURATION MINIMUM MOS >10

Table 6-6: Joint 6 nominal and fail safe analyses (flight)
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PDS: evaluation of p-Metal shields thermal impacts

Introduction

Some p-metal shields have to be applied on some internal components of PDS. Moreover on all the
boards a numetal cover on one side is foreseen.

The aim of this document is to provide some evaluations on the thermal impact these shields would
provide.

Implemented modifications to the thermal models
In order to analyze the behaviour of PDS with the applied p-metal shields some modifications to the
TMM and GMM have been implemented:
o One surface on the GMM has been added modelling the cover on detailed PB2 board (boards
shields);

o The thermal optical properties of the T1 have been modified: in a conservative approach the
emissivity for the T1 has been considered equal to 0.01, making the item almost adiabatic from
the radiative point of view. The only thermal path enable remains the conductivity to the bracket
(components shields). This has been implemented in the model in order to simulate the shield on
the T1 applied with a glue with a low thermal conductance.

Considering the cover on PB2 board, since the emissivity for the p-metal is unknown (and strongly
depend from the final surface treatment or coverage), a sensitivity analysis has been performed to
understand the behaviour of the covered PB2 with the variation of p-metal emissivity.

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA: Tutti i diritti sono riservati
Alil information contained in this document are properly of CARLO GAVAZZI SPACE SpA. All right reserved.
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Results

The results are presented hereafter:

For every item the temperature reached during the TEST (TRP @ 53°C) is indicated with the variations
from the original calculated temperature (PDS without shields).

The temperatures of the mezzanine and the mosfet on it have a larger increase due to the proximity to the
board shield. High emissivity coverage for the board shields is suggested.

T1 shields have a minor impact and are as well included in the presented results.

The analyzed items (PB2 boards and T1) are the most critical in PDS. All the evaluation done for these
items can be used — in a conservative way — also for others boards and components.

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA: Tutti i diritti sono riservati
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




‘paniasal bl Jty 'vdS JOVAS IZZYAYD 0TV Jo Auadod e Juawinoop Siy) uf PALIEUCS UONBLLIOI i

(JEAIISU OUOS JJUIP 1 AN 1vdS JOVAS IZZVAVD 0TV Ip Bialidoid (p JuojzewIoju) 8USNUCD OJUSWNOOP 0JSAND

Z0 9°'9g Z0 95 c0 195 €0 496 vzO Indino jegsop
Z0 498 [AY] 295 ALY L89G €0 89S SZO Indino Jeysoy
¢0 rAVA®) c0 FAVA® £0 t£.S g0 VLS 0z Indjno j3)s0
¢0 €418 £0 £.8 £0 ¥i8 S0 9.8 L ZD Indjno 13S0y
10 9’9l L0 L9l 10 L9 70 6'9. I L Jswiojsue}
g0 B'LL 90 627 80 '8l Sl 68/ abpa juoly god Jajuan
1t 2’16 gl L'86 (A 1’86 8y ¥ 101 J3Ua0 §9d
20 0'6. €0 L6 ¥ A7 L0 96/ . 065QV
apis sjeld lojelpey ‘19xoelg Jaddn |
1’0 #'E8 (Al c'es £0 S'e8 G0 BES apis sjeld Jojeipey 1eyoelg Jaddn
90 2’59 g0 8G9 L0 6°59 L'L 299 apIs |lepA PIN 90d
L0 LVL 60 6L 'l el £e £el apIs II_pA PIN 90d
L0 6'LL 60 L2L il el ¥'e o¢/ 3pIs jleps PIN 90d
90 L9l 80 g9l o't 0lL Ll VI apls YOL1viavd g5d
60 8.6 Al 1’86 L'l S5'86 e 2’001 apIs HOLVIAYY 99d
20 8'es €0 g'cs €0 6c8 L0 (AL apls yOLVIavy 90d
60 ¥l 1L S'LL £l gL ¥'e 6'CL [aued Juoy god
g8l 9'9. 0¢ 89/ ve FAF N LE r'eL o[oomd aujuezzaw gnd
8l clL 8L rA ¥ Ll bLL 6’ gL VO dd suuezzaw god
B ¥'86 CB ¥'66 ¢S ¥'LoL £'cl S'601 2090 XNV duluezzaw god
[eow-1 [9,] Tersw-ri [9,] erew-1 [o,] [eyow-1i [9,]
1e}9Q | aymesadwa] 1€}3Q | sunjesadwa) 1e)ed | aumjesadwa) 1e)eg | sanjesadwa] uonduosaq apoN
}sal 1S9l 158 IsoL
uoya o”ﬂ._w_am 10 jujed 1'0=58d 5'0=5d3 SUEEE
Noo1] 5) 5.0 = St RISiSda =t ALIAISSING ¥3A0D

9t1-0-SDI-SAd-dON
1* A XIANNY +%d

G Jo ¢ abey

Joedwi spjaiys [e3ay-1l Jo UOEN[BAD :S(Ad

VdS 30VdS 1ZZVAVD OTHVYD

Sdd-¢0SINV




‘pansesas bl iy YdS FOVdS IZZVAYD OTHY Jo Auadosd e Justinaop siyj uf PaulejueD UoeLLIOU [y
INEAJSI OUOS IUIP | AN vdS JOVJS IZZYAVD OTHVD 1P ejeudod (p luoizewsoju) 8UsHUCD OJUSLINOOP 0)SaND

o'l 8'98 £l L'L8 L'l g'lB GE ¥'68 s10)sISURl} SHJAINA
Ll 8'/8 ¥l ¢'88 6L 9’88 ot L7086 sJ0)sisuel} SHIAINA
bl 0’88 ¥l £'88 6L 1’88 6°E 806 sJo)sisued) SHIAIYA
A 8.8 Gl 88 6l 5'88 6'¢ 906 s10)sISUBl) SHIAIYA
[ g'/8 ¥l L8 8l |88 8¢ L06 sJ10)SISUBl) SYIAIEAQ
oL 2.8 £l G'l8 L'l 6'.8 Gt 8’68 sJojsisues) SHIAAING
0’1 048 £l [AA" Ll L'l8 9t 968 slo}sIsues SHIAING
¢o Lv8 €0 L'¥8 £0 8'v8 L0 168 sJ0jSISal J2qqnus
¥l 662 L'} £'9. £ 69, Qs g'6. 1asuapuos) Wnijejue |
gl 99/ 8l 044 ¢ L'l 1] 208 Jasuapuo) wnieyue |
60 66 [ }'G6 ¥l ¥'S6 6¢ 6°96 J3j|ouod
[46 0CLL 1€ 60L1 [4°] 6¢ChL oel 8'0cl BUIUBZZAN UO 13JSOW
FALl] Gog ¢0 gog £0 9'98 90 698 80 AHMYAONODIS 12ISOI
rAl] g'o8 rALl] 998 £0 998 90 6°908 20D ANVYANODIS 18ISOIN
co 598 ¢0 998 €0 298 90 698 9D AMYANODIS 18IsoW
c0 598 rAL] g'98 €0 998 90 6°98 SO AMYANODIS 12150
€0 2601 €0 8601l S0 6'G0L 60 £°901 0 AHVYNINC 18isow
20 6'G0L €0 0°901L S0 L'S0L 60 990} €D AHVYINIYC 19isoly
€0 2801 ¥ €80} S0 S'80L (A 1601 LD AYVINIYG 12)50N
£0 ¢80l yo €801 90 g'80lL ¢l 1’601 O AHVINING 1BISOy
€0 t'G8 €0 G's8 1A 9'G8 80 6'G8 L LD ysni-uj }a)soly
€0 1'S8 €0 868 7’0 6'G8 B0 £'98 01D Ysni-uj J12JSo
80 £°58 o'l G'Ge 'l 168 0¢ gag {(NOWWOD 1) Jojonpuy |
(381 GZLL Sl 6¢cLl (% otk 1A 4 8GLL (4410 1) J010npUI 67
0l 9'0LL £l 0Ll gl Sl L't FELL (3ovyvaT 1) Joonpul 1
Ll 0’96 9l G596 & & L'16 Sy ¥'66 Jawuoisuel) | al
o'l FeEL gl L'el gL ovl [ L'st Jewlolsued) zal
80 B'6L oL 008 el 2’08 G'¢ gL Jojonpul £

§ Jo ¢y obed Jordw SPISIYS [38IN-T Jo uoyen|eas :sad vdS 30VdS IZZVAYD OT8V0

9¢T-0-SDD-SAd-YON

# A XANNY #9 SAd-¢0SNVY




‘Pansesal JybU 1Y YOS FOVdS IZZYAYD 0TV JO Aadaid ale Jusiundop sij) uj paurejuod UoHeULIOs] [y
NEAISU OUOS (IUIP | N 1¥dS J0VdS IZZVAVD OTHVD IP BloLdoid Ip UOIZEULIOJU) 3US(UCD GJUBWNIOP 03SBND

10 Lg% 20 }9G [AY] 1'9S £0 €95 apIs |lean PIW 'ebpa pleoq g0d
20 2'9G co 195 20 198 0 699 apIs |lep PIN 'ebpa pleoq god
20 L9S ¢ 8’95 20 896 S0 0'LS apIS |[eph PIN '96pa pieoq §0d
20 Ll c0 B'LL £0 81L S0 L'es aplis Jojeipey 'sbpea piecq 90d
10 A4 c0 [ %°] €0 £¥8 S0 9'v8 apou Jaxoriq |
L0 g'5. L0 g6l 0 9'6L 0 8'G. L1 Jouuojsuer | Joj deld IV
[A] Lyl ¢0 8L £0 6vL L0 €6.L apis Jojeipey '‘abpa pieoq g0d
] 9L L0 9LL c0 L'l ¥O0 6°LL apis Jojeipey 'abpa piecq god
80 L'y oL 6'LL ¢l L2l ve £es ped ja)oeI1q
60 L'68 A 6'G8 'l £98 I'E g8'l8 SIOISISUBR SHIAINA
60 ¥'a8 L'l 9’98 gl 0'/8 [A> 188 slo)sisuen) SYIAINA
G jo g abed Joedull SpIRIYS [EJa-Tl jo UoREN|EAS iSAd vdS 30VdS 1IZZVAVD O8VYD

9¢T1-0-SDD-SAd-UDN

Jo A XANNY JoH meINow—2<

A

CEZOAND ORivD




